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IE.   General Statement Regarding Personnel, 
Working  Conditions and Related Activities. 

The following changes in the staff working on this project 
were made during the  interval covered by this report,    "iss 
Lois Fenselmeier stopped work on May 20 to be married.    »*r. 
John Mathews,  Jr., WPS added to tne staff on June 1, and Mr. 
Richard Brouns was added June 15.    Mr. Guy Oardner,  a drafts- 
man, was employed   on the  project from June 1 to August 10. 
Mr. Carl Anderson and Mr.   Allen Cox, machinists, w*re em- 
ployed on an hourly basis at intervals during the summer 
months.    Routine analytical work and some of the more tedious 
chemical operations were  carried out by Mr. w. R. Scrwandt, 
Mr. Ross Curtis and Mr.  Francis Statton, working on an hourly 
basis.    The major part of the work described in this report 
has been carried out by Mr.   Clifford Fach, Mr.  L«wrence 
Liggett, Mr.  James Head, and Mr. George Harrison. 

On June 9th Dr. C. C. Furnas visited the laboratory. 
Early in July, Dr. Melvin Calvin of the TTniversity of Cali- 
fornia visited the laboratory and  tin work of the  t*vo groups 
was further correlated,    during tra letter  part of July, Vr. 
Lawrence Liggett and Mr.  Tames **ead visited the various lab- 
oratories In the East enraged  on tMs project  and returned wdth 
an enlarged picture of the problem as a wrole ard *vith consider- 
able  information valuable to tre work b*ing conducted in this 
laboratory.    Dr. S.  S. Prentiss and ^r. '»\ ''T.  ^eck visited'the 
laboratory August 26;   some time was devoted to a discussion 
with Dr. Prentiss of the methods of handling reports,  and the 
work at this laboratory was summarized for ^r. tteck who left 
a number of excellent  suggestions for  further work. 

The administration of Iowa Stato Collepe has continued to 
give their whole-hearted support to this work and as the need 
has arisen has made available further laboratory space and shop 
facilities.    The staff wishes to express its gratitude to the 
College for this excellent assistance. 
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1I8. General Review and Objective« 

The general method of preparing reports In this labora- 
tory was outlined in the corresponding section of out First 
Progress Report  (Report XXffDl    The method of preparing de- 
tailed reports covering the  individual items of the research 
program has been continued; these reports new number XLVII. 
A table giving the numbers,  authors, content, period covered 
and date of these reports is given in Appendix I. 

The objectives of the present work are largely the same 
as those outlined in our First Progress Report.    The emphasis, 
however, during this period has been placed on the preparation 
of new compounds rather then the study of the parent compound« 
In general tha work has been devoted to a study of the deriva- 
tives obtained from substituted sallcylaldehydes in pursuance 
of the agreement reached in February with the proup at the 
University of California.    In the case of the compounds which 
have appeared to offer promise, intensive studies of the various 
properties were made;  this is particularly true of di-(2-hydroxy- 
3-methoxybenzal)ethylen9diimino cobalt  (Co-Ox M).    Some atten- 
tion has been devoted to a determination of the useful*life of 
this compound but this work has been of a rather preliminary 
nature in view of the extensive work in this direction being 
carried out at the Massachusetts Institute of mechnology. 

Illg.    General Summary« 

(1) The study of cobalt compounds similar in general 
character to the parent,  oxygen-carrying compound but ddrived 
from other diamines than ethylenediamine has been extended by 
a study of two mora diamines.    None of the compounds prepared 
functioned as oxygen carriers further substantiating the general 
statement that substitution into the ethylenediamine portion 
of the molecule invariably leads to an ina&tivo compound. 

(2) The cobalt compound derived from 2-hy*r oxy-3-methoxy- 
benzaldehyde and ethylenediamine was found to carry oxygen and 
to oxygenate at e rate approximately twenty tines that of the 
parent compound.    This compound was obtained in the form of a 
hydrate which was converted into the active form by heating 
in a vacuum at 170°.    An extensive study of six methods for the 
preparation of this compound was made and it was found that 
the most satisfactory method was that involving the precipita- 
tion of the cobalt derivative from a solution of the sodium 
aalt of the Schiff's base in dilute alcohol«    The   preparation 
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of the material was carried from the laboratory through 
pilot plant operation.    Certain difficulties involved in the 
preparation,  principally in the  activation or dehydration, 
were overcome.    The rate of oxygenation of the compound was 
determined at various temperatures and the optimum rate of 
abocrption of oxygen from air at atmospheric pressure was 
found to occur at 5-10°.    Unfortunately the compound was 
found to be extremely hygroscopic and to form a hydrate which 
did not carry oxygen.    An investigation was conducted to 
establish the relationship between the competing absorp- 
tion cf oxygen and of water at various humidities.    The 
magnetic susceptibility ar,<?  oxygen pressure of  this compound 
were measured at California, 

Two studies of the rate of deterioration of the 
compound were mede.    The mat3rial deteriorated ebout 50 per cent 
faster than the parent compound»    The  rate of deterioration 
was much more rapid during the early phases of the  test  (about 
3,0 per cent nor 100 cycles) but became much less as the test 
progressed,  the  overall rate of deterioration in the first 
test being 2.1 (2700  cycles) and in tre second 1.3 (3000 cycles) 
per cent per hundred cycles. 

(3) The nitration of salicylaldehyde was studied and 
the following factors wore varied in order to find optimum 
conditions:    the concentration of nitric acid, the  amount of 
nitric acid,   the amount of acetic acid used  as solvent, and the 
temperature of reaction.    An entirely satisfactory procedure 
was devised for the nitration, for the separation cf the 3- 
and 5-isomers, for the ourificati.n of the 2-hydroxy-3*nitrobon- 
2aldehyde fcr the preparation cf its Schiff»s base with 
othylenodiarcine,  and  for the preparation and activation cf 
di-(2-hydroxy-3-nitroben2al)ethylonediimine cobalt,    detail- 
ed studies of the "ctivation of di-(2-hydroxy-3-nitrcbenzal)- 
ethylenediimine crbrlt showed that a temperature of 120-125° 
and P. vacuum was nocess-iry for rapid activation,    '"he rate of 
oxygenaticn  of di-(2-hyflroxy-3-r.itrcbenzul)ethylanediiraine 
cobalt at various tomporcturc3 and humidities in air and 
oxygen at atra- sphoric p^oPSuro was determined*    The rate of 
cxygenatior of the 3-nitrc  cempcund is much greater than 
that cf the caront compound.    The extent cf oxygenation varies 
markedly with the c-xygon prosaure.    tTnlike the parent compound, 
the  rate of "xygeneti^n :f tho 3-nitro compound %s rnly slight- 
ly affsctcd by temocrature.    The  rate ~f rxygenati-n of this 
ormpound  is slightly affected by th*» humidity c f tho air,  but 
this advantage is more then  offset hy the ebSTptinn of moisture 
by  tho compound, which renders the material inrctive.    An in- 
vestigation rf tho crmpjting absorption cf oxygon and of mois- 
ture was made by exposing s'implos of tho activated compound to 
air at various humidities,    ^hesc studies showed that the amount 
of oxygen absorbed decreased with increasing moisture content 
in the* air. 
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(4) The cobalt derivative of 2-hydroxy-3-nltro-5-methyl- 
benzaldehyde and ethylenedlamlne was prepared.    Slnee the cobalt 
derivatives of the Schiffes bases of 2-hydroxy-3-nitrobenzal- 
dehyde and of 2-hydroxy-5-methylbenzaldehyde with ethylene- 
dlamlne had been previously found to carry oxygen, it was a 
surprise that this compound did not function as an oxygen 
carrier«    The cobalt compound of 2-hydroxy-5-pherylbenzal- 
dehyde and ethylenedlamlne was prepared and found not to 
carry oxygen.    The  cobalt compound of 2-hydroxy-4,6-dimBthyl- 
benzaldehyde and of 2,3-dihydroxybenzeldehyde and ethylenedlamlne 
were prepared and found not  to carry oxygen. 

(5) 2-Hydroxy-3-ethoxybenzaldehyde was synthesized success- 
fully from catachol by conversion of the latter to its mono- 
ethyl ether and t^ e application of the Duff reaction to the 
latter.    Attempts to prepare  this aldehyde by the demethyla- 
tion of 2-hydroxy-3-ioPthoxybenzPldehyde and ethylatton of the 
2,3-dl-hydroxyber.zaldchyde so produced,  failed.    The aldehyde 
was also obtained in good yield from a crude material supolied by 
the T'onsanto Chemical Company.    1'he  condensation of 2-bydroxy-3- 
ethoxybenzaldohyde and ethylenediamüio wes effected and the 
cobalt derivative of this condensation product prepared by 
several methods.    Di-(2-hydroxy-3-ethoxybenzal)ethyl6nediimine 
cobalt, like th« corresponding 3-methory compound was obtained 
Initially as an inactive hydrate, but unlike the 3-?n3thoxy com- 
pound,  could be activated at temperatures around 110°.     oi-(2- 
hydroxy-3-ethoxybenzal)othylenedlimino cobp.lt is far less hy- 
groscopic than the methoxy compound and since its water oan 
be expelled without great difficulty it possesses a marked 
advantage over the methoxy compound.    The rate of oxypenation 
of di-(2-hydroxy-3-othoxybonzal)ethylenedilEino cobalt was de- 
termined In air at atmospheric pressure at various humidities; 
the rote of oxy^enatior. is only slightly effected by temperature, 
being about cs rapid at 20• as at 0°.    The rate of oxypenotion 
of dl-{2-hydroxy-3-ethoxybenzal)ethylenedlimine  cobalt is some- 
what slower then thit of the 3-methoxy compound, but far faster 
than that of the parent compound and sufficiently great that 
oxygonation may be  cirrled out in oxygen-producing apparatus 
at atmospheric pressure or slightly above, 

(6) Di-(2-hydroxy-3-n-propoxybanzal)ofchylcnediimine cobalt 
was propared end a study begun of its properties,    ^he material 
oxyganctes vory rapidly but is extremely hygroscopio.    Pre- 
liminary work was carried out on the synthesis of the follow- 
ing 2~hydroxy-3-alkoxyVer.zaldehyd.us:     iso-nropoxy. n-batoxy, 
see-butoxy.  tort-butoxy.  iso-butoxy,  cllyloxy, n-emylbxy,  and 
jB-e th oxye thoxy, 
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(7)      The compound dibenzoylmethane was synthesized; 
several attempts by different methods to effect condensation 
of it with ethylenedismine failed« A cobalt derivative has 
therefore not been obtained« 

i8)     Formyl camphor, an >-keto aldehyde carable of exist- 
ng in enolic form was prepared by a method previously des- 
cribed. This compound, was condensed with ethylenediamine 
and also with o-phenylenediamine and the cobalt derivative of 
these two Schiff's bases prepared. Neither of these eomnounds 
was an oxygen carrier. 

(9) Kexa-allylamineperoxodihydroxodicobalt trichloride, 
a polynuclear compound containing a neroxo bridge, was prepared 
and found to hold  its oxygen so tightly that  it was not releas- 
ed at temperatures below the decomposition temperature of the 
compound. 

(10) A differential manometric apparatus wrs constructed 
by which the oxygen-carrying capacity of the comDounds could 
be determined  at various temperatures and pressures in such a 
manner that errors due to the  loss of oxygen or the absorp- 
tion of water during the process of weighing  involved in the 
older method are eliminated.    Although apDerently ouite com- 
plicated, the anoaratus is relatively si'-nle in theory an* use, 
and has been used not only for the determination of oxvgen cap- 
acity but also the for the determination of the rate of oxvpena- 
tion of the compounds. 

(11) Ar. automatic apparatus for the continous oxyrenation 
and deoxygenation of o::yren-carrying compounds was designed and 
constructed,    ^his apparatus was of the rotating drum variety 
and chosen to minimize the temperature to which the material 
as a whole was heated during the deoxygenation nhase o** the 
cycle.    Tests on the parent comoound  and the msthoxy compound 
were made using this apparatus * 

(12) Various types of apparatus were constructed fer 
measuring the rate of  oyygenation of the «ompound studied in 
air and oxygen at various temperatures and humidities. 

(13) An apparatus wes  constructed te manufacture 100 cu. 
ft.  per hour of oxygen of Durity of 95+ per cant, usinc as 
the oxygBn carrier di-<2-hydroxy-3-methoxybt<n>al) -th^lrfcidiimine 
cobalt (Co-Ox M).    the apparatus is cf the  circulating solid 
typo in which ths material moves from an oxypenation chamber, 
where it is cooled to 5* by mechanical refrir^rstion and ex- 
posed to airet atmospheric pressure, to a deoxvpenation chamber 
where it is heated to 70* and releases its oxyren at slightly 
lower than atmospheric  "pressure.    T*« material is moved by four 
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screw conveyors operating in pipes arranged In a sVewed rectangle 
A unique mechanism was devised to effeot the transfer of the 
solid material from one chamber to the other without contam- 
inating or losing appreciable amounts of the oxygen produced. 
Tue  deoxygenation is carried out at a slightly higher pressure 
than the oxygenation and a s*nall amount rt  oxygen is sacrifioe«? 
to flush from the 9olid materiel any a*r which would otherwise 
fin*  its way into the *ecxygenation chamber, '"he apparatus 
oontains about 100 lbs. of Co-Or V which circulates comDlstely 
through the apparatus in about 18 minutes. Air dried by 
passage over potassium hydroxide and magnesium oer chlorate is 
blown through the apparatus by a centrifieal blower, The 
apparatus was designed to operate comnletely electrically 
but was modified for alternative operation by a gasoline 
engine being then completely self contained. At the time 
this report was written oxyen of 95 oer cent ourity had been 
generated at the rate of 35 cubic feet ner hour. The deficiency 
in capacity is due to several causes wbioh are being corrected 
by modifications in the oonstruotion of the apparatus. 
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V8«    Cobalt Compounds from Diamines 
other than Ethylenediamine 

The substitution of other diamines for ethylenediamine 
was described In our first "Progress Report,    without excep- 
tion the cobalt compounds in which 3uch substitutions were 
made were inactive as oxygen carriers.    This work has now 
been extended by studies of the derivatives of  tetramethylethyl« 
enediamine and methylenedlamine.    In both cases the oroducts 
were Inactive. 

A8.    Propylenedlamina 

The  failure of the efforts in this laboratory to prepare 
a successful oxygen-carrying compound from propylenediamine, 
salicylaldehyde and cobalt was  in marked disagreement with 
work at California in which an active materiel was Dreparod. 
It is now reported by Calvin that the  propylenediamine used at 
California contained some ethylonediamine which accounted for 
the activity found« 

J.    Tetramethylethylened lamina 

T*he highly symmetrically substituted ethylenediamine, 
tetramethylethylenediamine,   (CHaJgC^TFgJCfFHoMCHgJg, was ob- 
tained from the Commercial Solvents Corporation.    Its identity 
and purity were checked and its condensation with salicylalde- 
hyde effected in absolute alcohol.    The co*>elt derivative of 
the condensetion product was prepared by five methods and 
numerous attempts wore made to activate the compound by various 
heat treatments«    None of the preparations functioned as an 
oxygen carrier. 

The  presence of a nitro or a methoxy group in the 3- 
position of salicylaldehyde ha«j been shown to have a beneficial 
effect on the   oroperties of the  parent oxygen-carrying compound, 
It seemed possible that the   presence  of these groups might 
render the  tetramethylethylenediamine compound active and 
accordingly the cobalt derivatives of the condensation products 
of 3-nitro and 3-mothoxysalicylaldehyde and tetramethylethylene- 
diamine wore prepared and subjected to the   usual tests.    All 
of the preparations were found to be inactive, thus further con- 
firming* the general conclusion that veriations in the  ethylene- 
diamine portion of the parent compo'ind always leads to a 
material*which is not  an oxygen-carrier.    The  details of  the 
work on the derivatives of totramethylethylenediamine will be 
found in Report 7XJ&. 
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K. -iithylonodlomino 

A sample of mothylenodiamino hydrochloride was obtained 
from the du Pont Company and nftor considorablo offort the 
Schiffs base with sulicyladohyde WUG prepared. In tho pre- ' 
liminary work attempts to projare the Schiff s baao by adding 
sodium hydroxide to G solution of the diamino hydrochloride and 
salicylaldohyda in absolute alcohol yielded an oil from which 
only a vary sur.,11 quantity of condensation product could bo 
isolated. The condensation was finally offoctod with reason- 
able success by dissolvinc tho mothylonodiamino hydrochlorido 
in wator, coolinc to C°, neutralizing tho hydrochloric acid 
with c cold solution of sodium hydroxide and then quickly 
addinc the cola solution of mothylonodiamino to a solution of 
salicjlaldchydo in alcohol* By this technique a respectable 
yield of Schiffs base resulted» M.p.: 138°. 

Preparation of tho cobalt derivative of disalicylolethyl- 
onodiimino was prepared by m^ant, of the sodian salt of the 
Schiffs base and by the alcohol method. Both preparations 
yielded a yellow colored cobalt derivative which was at first 
thoucht to bo cobalt salloylaldchydo. This assumption was found 
to be erroneous a3 analysis for cobalt and nitrocon proved tho 
material to bo tho dosirod compound. Unfortunately, howover, 
this compound showed no oxjgen activity upon being subjoctod 
to the usual tests. 

VIa* Cobalt Compounds from Substituted Salioylaldohydos 
and Similar Carbonyl Compounds and Ethylenodiaminc 

Bt • 2-Ilydroxy-3-methoxybcnzaldohydc 

(Co-Ox K) 

(1) Genorel Summary of Work on this 
disoovory that the 

—   ^——   —-,----_     ,,id to Dato. Tho 
"aiSehydc 2^nye"ro^y-3-raatho?:yb"onzaldchyäo ' 

forued a compound with ethylonediamine and cobalt that showed 
tho same general properties as tho paront compound prepared 
from salicylaldehydc, othylonodiomlnc and cobalt, but having a 
much more rapid rate cf oxyrenation, lead to an intensive in- 
vostication of this compound. Tho rapid rate of oxypcnTtion 
of this matorial at atmospheric prossuro in dry air is a most 
important advantage ever othor compounds previously developod 
since it makes possible a reduction in the time required per 
cycle and renders foarible apparatus not requiring high pros- 
sure air. 

The methods of synthesizing this material, dt-(2-hydroxy- 
3-methoxybcnzali cthylc.ie^iimr.e cobalt» were studiod exhaus- 
tivu^y and th-j most satisfactory method of preparation was 

N 
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carried from the laboratory through pilot plant production« 
All of the factors involved in the synthesis wore studied, and, 
as with the paront compound, the troubles were olininatod and 
the conditions so well established that no difficulty should be 
experienced in the adaptation of the procedure to tho prepara- 
tion of larger amounts by the Rumford Chonical Works* 

The rato of oxygenation of the material at various tompor- 
atures was determined. Some studios on the rato of deterior- 
ation of the compound in uso wore made and tho hygroscopic 
oharactor of tho compound was carofully studied. The magnetic 
susceptibility of the material and its oxygen pressure at 
various temperaturos wore measured by Calvin at California« 

Thu material was used successfully to produce oxygen in 
a machine designed expressly to take advantago of tho uniquo 
characteristics of the material (soe Section XI of this report)« 

Fortunately largo quantities of 2-hydroxy-3-ncthoxybcnz- 
aldchydo appear to be available (Monsanto Chemical Company). 

The work en di-l2-hydroxy-3-mothoxybonzal) othylenodiimino 
oobalt is reported in dotail in Reports XVII, XXVII, XECII and 
XXXVTII and in summarized in the following subsection of this 
report« 

(2) 2lie. Schiffs Base Dl- (2-hydroxy-3-mothoxybonzal)othvleno- 
f llnino, Numerous preparations of tho above Schiff'sbaso U3ed 
hroughout tho investigation of its cobalt, derivative; were 

obtained by the cendonsatien of 2-hyc1roxy-3-riethoxybenzaldohydo 
and cthylehodiamlne» Thu reaction was generally carried out 
In hot alcohol medium fron which the Schiffs baso precipitates 
as a bright yellow crystalline material. Tho Schiffs baso 
may be rocrystallizod from hot absolute alcohol or from other« 
The m«p« following careful purification was found to bo 161°. 
Di-l2-hydroxy-3-mothoxybonzal)othylenodliminw is readily soluble 
in warm caustic solution« Rocrystullizatlon of this material 
is not necessary in the preparation of a satisfactory oxygen- 
carrying material. Indeed, in the procoduro finally recommended, 
this base after boiiu, formed is not filtered and isolatod but 
dissolved and used directly. Conditions wero determined for 
precipitating it in a form which can bo readily dissolvod in 
dilute alkali. 

Dl-(g-hyüroxy-3-mothüxybenzal)- 
The oobalt dorivativo of 

•methoxybenzal)othylonediimine 
may be prepared in a variety nt  ways which will bo presented 
in subsection (5). This compound, when first procipitatod from 
c aodiuti ir which water in prenent, is obtained in a hydratod 
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form which shows no ability to absorb ozygen« In order to 
convert the hydrate into the active, oxygen-carrying material, 
the material aust be activated« The procedure usually employed 
wap to subject the material to a temperature of 160-170° under 
a vacuum. In the activation process a definite amount of water 
is lost, about 4.5 per cent, correspondinc to one noloculo of 
water nor cobalt atom (theoretical 4.68 per cent)« The result- 
ing material has boen shown to absorb 4.15 per cont of oxygen 
which corresponds to the theoretical structure which was pre- 
sented for this typo of compound. 

This compound has boon shown to bo remarkably stable at 
e temperature of 17C° in a vacuum;  short periods of time at a 
temperature of 200° produces only a slicht decomposition. The 
aotive material in both th« oxygenated and dooxy£enated form 
shows remarkable affinity for moisture. It is so hygroscopic 
that to accurately weigh the material in air is a difficult task. 

As with the paront compound, this materiel is a fine 
dusty powder which is oxtromcly irratating to tho luncs. 

(4) Dot origination of the OxyRon-Carryinr Capacity by a Volu- 
mctrlc^Sothod.  In vTew of the controversy that has arisen at 
various times in regard to the determination of the oxygen 
carrying capacity of tiiese materials, a method was devised by 
which the determination could bo made by the volumetric measure- 
ment of tho oxygen evolved from the compounds and errors inher- 
ent to tho gravimotric method elininato*. 

Tho apparatus designed for the determination of oxygen- 
oarrying cupacity consisted of a source of carbon dioxide, a 
drying train, a glass tubo in which the boat of material was 
placed, and a nitromotor. Dry ice v/as used as a source of car- 
bon dioxido and the dry ice container was connected with a 
pressure regulator to control tho rato of flow through tho 
apparatus to tho nitromotor. Tho carbon dioxido gas evolvod 
from the dry ico was passed through a U-tubo containing phos- 
phorous pontoxido on asbestos. This was found ossontial since 
the dry ico always contained moisture condensed on its surface 
v/hlch was carried off with the carbon dioxide gas and formed 
ice in the tube containing the boat at low temperaturo. Tho 
procedure omployod in determining the capacity of a sample using 
this apparatus was tho following. A sample of the compound was 
dooxygenatod undor a vacuum at 100° anrl then the brat placed in 
a vacuum dasiccator which v/as immediately evacuated before tho 
boat had cooled approeiably. After cooling to room tomporaturo 
the vacuum was quickly released and the boat of docxygonated 
oonpound welched immediately. Thie weighing was nado by first 
placing tho approximate weights on the balanco as determined by 
previous weighing, so that only about 15 seconds were required 
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to obtain the final weight. This sample was oxygenated in a 
boob under £00 pounds oxygon prcssuro for 15 minutes, and then 
v/oighed immediately after romeving fron the bomb. The boat was 
then placed in the dooxygonation tube of the capacity apparatus 
and the tube closed. The tubo containing tho boat was sur- 
rounded by dry ice and then carbon dioxide passed ever the boat 
containing the compound until all the air had boon swept out as 
shown by micro-bubbles in the nitronotcr. Tho nitrometer was 
filled with ?6 per cont potassium hydroxide containing a traco 
of barium chloride added to provont tho formation of foam in 
tho top of tho nitrometer. Tho oxygon in the sample vras re- 
leased and collected in tho nitrometer by first removing tho 
dry ice packing and then gradually hoating the tube containing 
the bout of sample with an infra-rod lamp. Tho tubo was swept 
out with carbon dioxide until micro-bubbles woro obtnirod. The 
capacity of the sonplo wa3 calculated from tho volume of oxygen 
collected as will bo subsequently shown. After cooling to roon 
tonporcture in on atmrsphere of carbon dioxide, the bout con- 
taining the dooxygenatod sample was again wcighod in order to 
servo as a comparison for the volumetric raothed. 

It was found that the completely oxygenated methcxy com- 
pound lost oxygon slowly at room temporaturo under atric spheric 
pressure. Under a diminished oxygen prcssuro, produced eithor 
by a vacuum or a stream of carbon dioxide, it evrlves a large 
portion of its abscrbof oxygen. It v/as als*- fonnc? that the 
parent compound upon being plucod in the above described    * 
capacity apparatus lost woight slowly in an atmosphero of 
carbon dioxide. Docauso of those cbsorvations it wa3 found 
neoessary tr cool tho tubo containing tho weighed sample of 
oxygenated natorial with dry ico so that the compounds would 
retain thoir absorbed oxygon until tho air present in tho tube 
at tho time of tho intrcduotion of the sample was completel . 
swept out» 

Since the oxygen collocted was measurod over a potassium 
hydroxide solution, correction v/as made for tho vapor pressure 
of tho solution as follows:  from the International Critical 
Tables, Vol. Ill, page 528, tho formula given for calculating 
the vapor pressure of aqueous solutions wus 

I» R- 10° k%' ?1 whore 

Po ■ V.P. H.0; M 
For Potassium Hy< 

_  nolos/1000 g. H,0; r • V.P. of solution* 
ydroxiao, at S5°, v/hon M ■ 10, 100 R ■ 5.68. 

Kcnco  P - Fo - 100R' P°M - 3* - 3'68.'u
24tlQ * 10.5 mm. "ITC 1ST 
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This vapor pressure correction is valid only when the gas is 
measured over pure 10 M potassiun hydroxide. This obviously 
was not done since sone potassiun carbonate would be forned by 
absorption of the carbon dioxido used to swoop cut the apparatus. 
However, sinco the vapor pressure valuos in I.C.T. for potassiun 
carbonato solutions closely parallel those for potassiun hydrox- 
ide; it was assuned that tho error would be negligible if fresh 
10 1! potassiun hydroxide was used for oach run. 

Validity of the above nothed of neasuroiient was chocked 
by transferring sovcral gas sanplea noasurod over potassium 
hydroxide to a water burette and again measuring the voluno. 

Tho results %fore an follows: 

I. 30 Hi« of air ovor 
36 per cent KOK 

II. 50 ill. of air ovor 
36 per cent KOH 

Calculated by 
Over Water  v.r. chrngo 

30.5 -ll. 

50.8 :il. 

30.52 

50.87 

It was thoroby concluded that at 25° a vapor prossuro 
correction of 10.5 rxi. is correct and this value was usod for 
calculating results tabulated bolow. 

Run I, 

Run II, 

Run III. 

Run IV. 

Run V. 

Parent Coripound, V-8. 743 nil. 

Vol. at 0° Capacity 
Vol. Collected 760 nn. by voluno 

32.8 'll.      29.1        4.58 

Parent Conpcund, V-8. 743 an. 

34.3 30.4        4.81 

24° 

Capacity on 
Wt. Bagis 

4.60 por cent 

24° 

4.68 per cont 

Di-(2-hydroxy-3-nothnxybenzal)othylonediininc cobalt 
Preparation L-33A 743 nn,      24° 

55.1 49.0 3.98 4.06 

Di-(2-hydroxy-3-nothrxybonzal)othylonediinino cobalt 
Preparation L-33A 743 nn.      24° 

57.9 51.4 4.17 4.21 

Di- (2-hyilroxy-3- let hi xyfconzal) cthylcncr iinino cobalt 
Preparation J.-33A 743 nu. 24° 

01.7 51.6 •1.43 4.39 
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Run VI«  Di-(2-hydroxy-3-methoxybenzal)ethylenediimine cobalt 
Preparation L-33A 743 ram,       24° 

Vol. Collected  Vol.' at 0°  Capacity   Capacity on 
____«_  7fin VPt by volume Wt. Basi3 

58.5 51.9 4.21 4.37 

Run.VII« Compound of Henselmeier III, 2:  6.4 per cent. 
744 mm. 24° 

9.6 ml. 8.7 ml. 4.14 4.84J 

liun VIII, Compound of Henselmeier IV,  2-1,  5.5 per cent.2 

744 mm.   24°' 

25.0 22.0 ml. 4.10 5.5 

Notes on above: 

1; This capacity is based on loss in weight upon deoxygen- 
ation by carbon dioxide« Value reported by Henselmeier was 6«4 
per cent. The capacity on a weight basis by reoxygenation was 
4.34 per cont. 

2« This capacity was the value reported by Henselmeier. 

It may be concluded from the above that this compound 
probably may be made to absorb oxygen to a value a few tenths 
of a per cent above its theoretical capacity, but it is thought 
that values of several por cent abovo the 4*15 value are probably 
duo to the gradual accumulation of moisture and to weighing 
errors which became relatively large v/hen small samples wore used. 

(5)  Synthesis of Di«-(2-hydroxy-3-mothoxybcnzdl)othylenodiimino 
Cobalt. 

(a) The Pyrldinc Itothod. The compound di-(2-hydroxy-3- 
methoxybonzal)othylenediinino cobalt was proparod by a procedure 
proposed by Calvin for the preparation of the parent compound 
(sou his Report OEM-sr 403, Serial Number 186, p.2).  By this 
procedure the cobalt salt is dissolvod in a solution of othyl- 
onsdlamino, pyridino and wator. The aldehyde is thon added, 
and the mixture heated to 80°. Tho air is evacuated from tho 
reaction flask during tho proparation of the compound. The 
notarial is finally contrifugod and driod r.t 100° under a vacuum. 
Ey this proceduro, tho parent compound is obtained as a mono- 
pyridinato, which, in the handd of Cnlvin, can be activated by 
tho removal of the pyridinc at 170° "Jidor a vacuum. 



- 14 - 

This procedure was applied to tho preparation of di- 
(2-hydroxy-3-methoxyb3nzal)ethylenodiirainu cobalt. A material 
was obtained having an oxygon capacity of only 2.7 per cent. 
Tho preparation of Co-Ox M by this method was found to be 
entirely unsatisfactory and this has beon since confirmed by 
Calvin. 

(b) The Original Alcohol-Water Hothod. This mothod cf 
preparation involves the mixing of cthylonodlamino, cobt.lt salt, 
and aldohydo in a 50 to 60 per cent alcohol medium. This 
mothod gave excellent results in the preparation of Co-Ox M, the 
compound being obtained in the form of golden, needle-shaped 
orystale. Upon activation at 165° under a vacuum the compound 
changed from golden yellow to ri-.roon, and carried the thoorotical 
capacity of 4.1 per cent oxygen. Tho ylcld3 by this method wore 
about 60 per cont. It is believed that for laboratory prepara- 
tions of Co-Ox M this method yields a puro product which is 
easily filtered and more easily handled in subsequent operations 
than tho material obtained by any other method. 

(c) The Llrcct Mixing Method Using a Suspension cf the 
Condensation Product in rator and the Cobalt Salt. By "EKis 
mothod cf preparation a suspension in water of tho finely pulvor» 
izod Schiffs base is digested for sovoral hours with a solution 
of tho cobalt salt. The compound obtained is filtered or 
centrifuged, dried and activated in the usual manner. The oxygon 
capacity of the final product obtained closely approached its 
theoretical value providing that the period of digestion had beon 
long enough to insure complete reaction. Usually twelve hours 
or more on a steam bath are required. Ir. general this method 
of preparation was not as satisfactory for the preparation of 
Co-0. U as other methods. However, for the preparation of some 
compounds, o.g. the 3-nitro compound, this is the only satisfac- 
tory method that has been dovisod. 

(d) Tftc Direct Mixing in Water of tho Cobalt Salt Diamine 
and Aldohydo. Co-Ox M has been prepared" in a satisfactory mennor 
by tho direct mixing of a cobalt salt, cthylenodiamino and 
aldehyde in v/ater solution, only enough alcohol being employed 
to dissolvo tho aldohydo. With ample stirring and with a 
sufficient digestion period at about 80° a satisfactory product 
was obtainod. Tho reaction mixture was buffered v/ith acetic 
acid und sodium acetate whon cobalt chloride was used. By this 
method a yield of 90 per cont was obtainod. Tho compound was 
readily activated in the usual manner and a product of 4 por cent 
capacity was consistently obtained. One difficulty with this 
mothod lies in the fact that the material was very difficult to 
.filter expecially after washing with wnter following tho firrt 
filtration. Additions cf alcohol tr the vraon liquid did noi. 
altoliate this difficulty. Several hours? digestion of the stoam 
oath with tlxr wash liquid InprcvcC tno filt'jrins rheracteristics 
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to a snail extent. Another objection to this method was tho 
formation of some Schiff*■ base which did not entirely react 
with the cobalt salt since small cnounts of yellow oil was 
always produced upon activation. This difficulty might not bo 
encountered if sufficient digestion were enployod. 

(e) Properation of Co-Ox M freu the Sodium Salt of the 
Condensation Product without the Preliminary Isolation of the 
Condensation Product*. Co-Ox ii lias also boon prepared by dissolv- 
ing the aldehyde in a hot v;ator solution of srdiun hydroxide 
followed by the addition of solutions of cobalt salt and othyl- 
oncdiamine. This method yielded a material which was extremely 
difficult to filter; upon activation in the usual manner the 
product showed nearly theoretical oxygen capacity. Although 
this method is considered inferior to scvsral of tho other sug- 
gested methods it is of interest that a satisfactory active product 
is obtained inasmuch as the parent compound cannot be prepared 
in active form by this method, 

(f) Preparation in Dilute Alcohol Medium from the Sodlun 
Salt of the Condensation Product. One of the beet netheds that 
was devised for preparing Co-Ox M involves the preparation of 
the Schiff1s base in about 50 per cont alcohol, followed by tho 
formation of its soluble sodium salt by the addition of hot, 
caustic solution and finally the precipitation of the cobalt 
derivative by th« addition of a solution of the cobalt salt 
buffered with acetic acid and sodium acotate. The final concen- 
tration of alcohol was thereby about 25 per cent. 

Several attempts wore made to eliminate all or most of 
tho alec hoi by precipitating the Schiffs bese from a very dilute 
solution of othyloncvliamine in water.  It was fr und however that 
large particle sizo of the Schiff*s base formed in this manner 
was difficult to disstlve in the hot caustic solution« './hen the 
Schiff*s br.se was precipitated as suggested ab'vo the particlo 
size of the material was such that it dissolved immediately upon 
tho addition of tho hot caustic solution. The minimum alcohol 
concentratir n for this stop in the prc.cedurc v/as found to bo about 
50 per cent. This was obtained by adding an ale hoi solution of 
the aldehyde to a hut solution of othyloneciamino dissolved in 
water. By this neth- d a pre duct was tbtained that v/as readily 
filtered and no appreciable difficulty was experienced in filter- 
ing the material after roslurrying with warm water. Occnssien- 
ally however, it was found necessary to odd a small amount of 
alcohol t tho wash solution in order to minimize oolloid forma- 
tion which rendered tho final filtration difficult. 

Th~ yields» by this method rf preparation were from Co-00 
PUT* ocnt. Upon cctivati- n in the usual moaner, compound* 
procured in tho t.bovu described manner oarried 4.1 per miit.« 
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This procedure was the basis for the large scale preparations 
described in this report under subsection (7). 

(g) Survey of the Above Methods. It is of interest that 
Co-Ox LI can be prepared by such a wide variety of methods, and 
that the conditions may vary within rather wide limits and a 
satisfactory product obtained« However not all of the methods 
just described above are of e ual merit* The pyridine method of 
Calvin ( (a) above) the least satisfactory of the methods 
investigated since the compound prepared by this method was of 
very lew capacity, and the procedure was less easily carriod out. 

The method employing a suspenslcnof the Schiff* s base in 
water ( (c) above) was not considered to bo entirely satisfactory 
since a long period of digestion with agitation was found neces- 
sary to obtain a good product* 

The alcohol method employing an alcohol concentration of 
50-60 per cent ( (b) above) was considered to be unsatisfactory 
for largo scalo preparations inasmuch as the yields wore only 
60 por cent and the largo amount of alcohol required v/as not 
economical. 

Th3 other two methods described in which no alchhol was 
used ( (d) and (e) abovo) wcro net considered ontiroly satisfac- 
tory since filtration was extremely difficult and tho final pro- 
duct v/as slightly contaminated with unreacted Schiffs base. 

The method described in part (f) of this section was 
considered tc be the mest satisfactory for moderate scalo prepara- 
tions since the final product was easy to filter, of high purity, 
and was «btaincd in good yield. None c.f the other mutlwds are 
entirely adoquatc in all of these respects« 

For further details in regard tc tho studies that have boon 
mado m tho various methods of preparation consult keport XXVII, 
Section III, and Report XXXVIII, Section III. 

lh) The Activation of Pi-(£-hydrox.v-5-methcxybunzal)cthylcnc- 
diiminc Cobalt in High BoiTin.T Solvents. Tho method generally 
empl-yed tr convert the hydra tod Co-Oxl! into tho active oxygen 
carrier consists in heating the material tc 170° under a vacuum. 
This nothod, whilo conveniently carriod out on a s.iall 3omplo 
in the lo.be ratory, becamo a difficult talcs v/hen large scalo 
proparati<ns wore undortaken. It was thought p< ssiblc t-» re- 
move the water of hydration by heating a 3usponsi n of C>-0x M 
in an inert liquid having a bailing point of 170°, or ab.^vc tlm 
usual activation tomporaiivrc of tho aatoriol. Sov ;ral ox;"c.ri v nt3 
were conducted vising high boiling J Ivcats aimrc wMch wo:*e ^'f-yl 
oollosolve, D-oyniöno, o-nn mineral oil. 
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Upon heating in butyl cellnsclvo tc 170° the material 
turnod from ten to a very dark reddish-brown. However aftor 
filtering the materiel and drying at 100° in a vacuum the com- 
pound returned tc its original yellow color and showed no 
oxygen capacity. Upon heating in a vacuum at 170° it became 
active, changing to reddish-brown in color and absorbed 3,8 per 
cont oxygon. 

The compound obtained after heating in p-cymeno was deep 
purple in coler. Sven aftor heating the dried material at 100° 
for several hours in u vacuum tho odor of ]>-cy.mcno was perceptible, 
but no color change wus noticed, and the material did net carry 
oxygen. Heating at 170° preduccd nc visible change, and the 
capacity v/ua only 0.9 per cent. 

Using mineral oil as the heating medium similar results 
wore obtained« i«..lth-:ugh one sample woe houtod to £00° without 
apparent decomposition} no activation resulted. 

For further details < t  tho technique employed in these 
studies consult Report XXXVIII, Sootion X, .and Roport XIV, 
Sectin VIII. 

(6)  Large Scale Preparation cf Pi-(2-hydroxy-3-mith jxybenzal) - 
ethyler.edilriine Ci.balt. ' "Following tho laboratory work en tho 
preparation of Co-Ox a by different Moth ds, as described in 
subsocticn (5) above, the size f tho batohoejwaa gradually 
lnoroasod and th- pr- cadur^ further m-<ljfie<i Per application to 
batches of about 15 pounds. The equipment are method used in 
described below. A more complete description of the work may 
be found in Roport XXXVIII, Section IV* 

(a) Equipment. Thoso preparations were carried out in 20 
gallon stoneware crooks, set -n d<llioe so that they could be 
m.vcd around as desired. The various w lutirns were heated by 
means of 70 pound steam passing through ct ppi.r c« ils which could 
bo Immersed in tho liquids. In general the water wa3 heated 
be for a the Oddities of ray ebomicrls. Tho solutions '-/ere stirred 
by hand using wc a puddles» Solid materials wora filtered on 
large Büchner funnels*  These funnels wore constructed by cutting 
a 55 gallon stool aloohol barrel into thirds and welding pipe» 
nipples int- the center of the end pieces. The 30 funnels wore 
ooiriod on Ac111os and vero eonneeted by unions tc 30 gallon 
tonka which wore oennootod to a large vacuum pump and acted r.s 
receivers f.r the filtrate Tho filter usod in these funnels cen- 
sietod of cloth laid .vor tw» or threo layers of ocerec sorocn, 
whloh allowed passage of tho liquid ta tho uutlot in tho contc-r. 
?hc crocks were whoeled up r.  ra.ip to a platf« rm directly above 
•ehe funnels when it was desired to traaefor motericl -.( t.i: 
vvnnols« 
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Aftot filtration, the product was driod in the drying 
cabinet shewn in Figure 1 of the accompanying drawing which 
contained banks cf heating lamps at the top and bottom and 
pupperte for five wire trays. By moans of fans, air was 
circulated past the heating lamps, over the compound and out 
tho h les in the side. The total hoat which could bo supplied 
tr  tho cabinet by thw hoating lamps was upprrximately 8000 watts. 
This was, in Boat cases, too much heat and the banks cf lights 
were adjusted go that the top one gave about 1000 watts while 
the lower one gave about 300C. This omeunt of heat was suffic- 
ient to keep the temperature at :bcut 80° during the period while 
the compound was still quite wot and to raise the temperturc to 
the maximum of abtut 110° as tho compound became dry. This drier 
very satisfactorily dried a 30 pound batch rf compound in abcut 
24 h-uis. 

Tho driod ctnag) .und '/as ground in a snail burr nill powered 
by a 0.85 h.p. motor«  It was found that tho material could bo 
ground only if it was dried very thoroughly« However, in several 
cases where attempts Were node to grind insufficiently driod 
oompound and the nill was clogged, it was found posaible to fin- 
ish the grinding by adding seme thoroughly dried, previously 
ground material tc the material in the grinder. Vith proper 
dried material, this mill wculd grind an 8 prune batch in 5- 

rly 
10 

minutes. 

Several different noth' ds of activating the compound were 
tried. The first activator, Fig. 2, consisted i f a trough about 
C ft. long in which c four-bladod paddle \/hcel turned at about 
10 r.p.m. The l.cat in this activrt r was supplied by heating 
lamps suspordod ever the trough« Some compound v.as satisfactorily 
activated in this piece of equipment, but it was found that tho 
temperature waj s< difficult to control that ruthex frequently 
part cf the compound in a baton decomposed or buirod. 

The second activator, Fi^. 3 consisted f an 18 gallon 
tank with a flanged ^rd whioh rotated in an oil bath which was 
kept at 170-190°. This rotating drum was fitted with packing 
glands so that carbon dioxide c*. uld be passed through tho material 
curing the activati n. Fins ./ore welded into the drum and several 
loose fins were added to nix the material and knock loose any 
material which might cling to the walls of the drum. This piece 
of equipment wikod fairly well but required c nstant attention. 

A third activavr, Fig« 4, was built Which emplcyod the 
rr.t-.ting erum from the 'il bath aefcivrtor. Th„ heating unit in 
thi3 i ctivator was oloctricol and the rotating drum and heating 
units wero insulated by means of a g«-.d, double walled, insulated 
transito be z. Tris activator had a capacity of Pb ut 25 pounds 
per c'ay, although it required attentic n every 12* IS hcurs. An 
excellent activator sh.uLri olso be eevipped eith packing glands 
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and filter v/hich would enable the passage of dry carbon dioxide 
at the rate of at least 0.5 cu.ft. per minute. The optimum 
teaioerature of this type of activator appeared to be 180°. 

The cost of the above activator v/as quite high since a 
great deal of carbon dioxide was consumed. The carbon dioxide 
was generated from dry ice for this apparatus. It v/as found that 
when a stream of gas was continually passed through the acti- 
vator tank, the filter on the discharge end became clogged, and 
a proper flow of gas was difficult to maintain. Since tho carbon 
dio;:ice generators did not develop much prossuro, a satisfactory 
uarboa dioxide flow was not maintained. 

The apparatus was then modified so that nitrogen could bo 
recirculated, first through the activator tank and then through 
a tank of walnut caustic potash. This systom was found unsatis- 
factory also because tho filter in the discharge end of tho 
activator tank became plugged und ereventod an adequate gas flow. 

Tho apparatus was the modified (Fig. 5) so that a tank of 
caustic potash was attached to tho aotivatoi tank by means of 
a five inch pipe and stuffing box. This system worked quite well, 
though it roquired considerable attention to keep tho large 
stuffing box properly lubricatod. The stuffing box often stuck 
because tho grouso worked out. 

Sincc tho dependability of tho apparatus was JO vory poor, 
it was decided to allow the activator tank to remain stationary 
end zc  fill tho activator tank completely with compound and to 
allow tho heating to take placo only by natural conduction. The 
time of activation of a batch was thereby lengthened to about 
3 days, although 50 ocunds of compound could be activated at a 
time, and nc attention was required. This latter system seemed 
to be thfj host system yet devised since it was much easier to 
maintain a high vacuum with the stationary systom sinco no 
trouble was onoountarod with the stuffing box. Also only light 
filters wore required on tho activator und caustic potash tanks. 
This allovod the vapor flov to take piece much more frocly. 

In another oxpciimont tho compound was pieced in a container 
together with a drying agent. Tho container was then placed in 
on oven at 115°, The activation proccoded slowly. Of the various 
drying agents tried, only barium oxide and phosphorous pentoxido 
were capable of activating tho compound at 115°. The activation 
was complete in about 24 hours. A plywood box was built and 
filled with tho compound. Cloth bags of barium oxide wore 
buried in the compound, tho box vas sealod and then placed in 
an oven at 115°, the intention buin^ to leave the compound in tho 
even for a period of a week or more. Fowovcr, the heat of hydra- 
tion of tho barium oxido was 30 great, that thu cloth bag3 con- 
tainers it \.jrj cherrcd ^nd t.'io c;..mound wai Ignited« Although 
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this proved unsatisfactory, the principle is sound and if tho 
barium oxide were placed in tho containers in such a way that 
tho heat of hydrution could bo removed, the process v/ould 
undoubtedly bo satisfactory. 

(b) Method of Preparation. The method of preparation 
described previously in subsoction (5), article (f) above was 
employed in this work and some 16 preparations totaling over 150 
pounds of material were made. Various modifications of this 
procedure wore employed on somo of tho large scale preparations 
in an effort to make the procedure more economical. It was 
found that the amount of alcohol could bo reduced considerably 
bolow the 25 per cent concentration which was used in the first 
preparations, "./hen the final alcchol concentration was reduced 
below 15 per cont the material was very difficult to filter. Tho 
volume of water used to dissolve the sodium acetate used for a 
buffor was decreased to a minimum and olso tho water used to 
dissolve tho diariine and the cobalt salt. These reductions in 
the amount of water used made possible the elimination of even 
more alcohol without decreasing the final alcohol cencontration 
bolow 15-20 per cent. As a result of these modifications tho 
amount of alcohol was reduced to about ono half of that originally 
employed, and the woight of compound produced per unit volume 
of solvent was considerably increased. All of these modifica- 
tions were nado without changing the quality of the final product. 

On the basis of these largo scale studios Q procedure was 
devised which is considered superior for large scale work. This 
rocoramonded procedure will be given in detail bolow. 

)iamcndofl Procedure for the Preparation of Di-(2- 
•xybonzallcthylonculimlno Ccbalt tCo-Ox a). In a 

(c) Piocoia 
hydroxy-3-moth''xyPonzal)otaylencdllnino cchalt \l 
20 gallon crock neat 16 1. of water to boiling and dissolvo in 
it 0.95 1. of 68.5 per cent cthylonodia nine. In another crook 
heat 8 1. of alcohol to boiling and dissolve in it 2.66 1. of 
2-hydr xy-3-methoxybenzaldohyde. Add this h t solution of tho 
aldohydo to the diomin« solution and stir thoroughly. In another 
cr« ck heat 4 1. of water tc boiling and dissolve in it 0.82 kg. 
of s>diura hydrcxidc and 0.41 kg. <f sodium acotato. Add this 
solution to  the crock of condensation product and stir thoroughly 
until all the crystalline material has dissolved. In anothor 
crock heat 8 1. of water and 0.4 1. of acetic acid tc boiling 
and dissi lvo in them 2.5 kg. of c<~balt chloride. Add this hot 
cobalt solution tc: the solution of the sodium salt of the conden- 
sation product, and stir vigorously for 15 minutes. Then allow 
tho material to stand at least one hour befk re filtering. Return 
the filtered materio.l tt the original crock and mix thoroughly 
with 40 1» of water. Filter, and repeat the washing process. 
Filter the material as dry as possible on the Büchner funnol, 
and place in l. drying oven such as d-scribed in article (a) 
abevj in which a stream sf warm air swoops >vor the c.mpound. 
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Carry out the final drying at a temperature of 110°. After the 
material is completely dry throughout the mass, grind the chunks 
in a burr mill. Activate the material in a vacuum at a tem- 
perature of 170-100°• 

(1) of this report was used to dotormine the rate of oxygena- 
tion of Co-Ox M at several temperatures. The results of this 
study, covering a range of temperatures from 25° to-70°, are 
shown in the accompanying graph. The conclusions reached in 
this work may bo summarized as follows: 

1. The compound is oxygenated very slowly by air at 25°, 
about fiftoon hours being required for saturation, and it is 
doubtful if the theoretical capacity is actually reached under 
atmosDheric prossuro at this temperature. With pure oxygen at 
this temperature saturation of the compound is attained in oight 
minutes. 

2. The rate of oxygenation using dry air inercasos re- 
raarkaoly at temperatures somewhat below 25°. At 0° saturation 
was reached in about ten minutes. This compares favorably 
with the rate obtained when pure oxygen was used at room temper- 
ature. At a temperature of -70°, obtained by o lploying a 
chloroform and dry ice bath, the rate is very much slower than 
at 0°. In this instance, evon at this cctro.uoly low toraperaturo, 
it is interesting that the rate is still somewhat more rapid 
than at room temperature. 

3. Rates made at + 12° and at - 10°, indicate thf.t the 
optimum rate occurs within this rango. 

4. 3y comparisons with the rates on the parent compound 
previously reported by Ilach, this comDound was found to be very 
much more rapid especially at toapcratures bolow 12°. As com- 
pared with the 3-nitro compound the rato of this compound i3 
jlcv/or, but it has an r.dvnntago over the 3-nitro compound in 
that it may bo deoxygennted at a lower temperature. Other experi- 
ments have indicated that this compound may be completely do- 
oxygcnc.tcd at 55° undor atmospheric pressure. It is probable 
that it nay bo completely deoxygennted by a vacuum at a consid- 
erably lower tomncrature. 

In addition to tho rotes determined by the gravimetric 
method as described above, two other methods wore employed« Tho 
rate of oxygenation in puro oxygen was deterninod using tho 
differential Kanonotrio apparatus deaoribod in this report, 
SectioXi X, j?« it A. Thr rato in lir was also de to rained using 
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the raonometric rate apparatus desoribod in this report, Section 
X, Part C, eubsoction 2. The results from both of those appera* 
tus are in accord with those just described. A comparison of 
the rates of oxygonation of the mcthozy compound with other 
compounds will be found in Section X, Part C. 

(8) Studlog on the Absorption of Moisture by Di-(2-hvdroxy-5- 
mcthoxrbenzr.lTothyl3nc.dilaine Cobalt ar.d Its Effcot on its 
Oxygon Carrying Capacity"!  TCs Tnpliod In subsection T4)~~ah"üvo 
the erroneous, hifji capacities first reportod for di-(2-hvdroxy- 
3-mothoxybcnzal)o.thylenodiimine cobalt wore duo to the absorption 
of water by the material. Early experiments vdth the machine 
described in Section XI of this report Indicated that the 
material '/as markedly hygroscopic and that this would play an 
important part in the use of the compound. It therefore became 
of intercut to oxaiino tho behavior of the material toward water« 

Weighed samples of both the oxygonatad and the deoxygenatod 
forun of the coupound wore placed in a humidifier which allowed 
thou access to air saturated v/ith water vapor at 30°• It was 
found that tho oxygenated sample, containing its theoretical 
oxygen capacity, when so exposed increased in weight from 15*80 
por cent of the weight of the sample taken in periods ranging 
from 10-24 hours. Ueon being driod at exactly 100° under a 
vacuum, it retained 2.3 per cent of this moisture, and oould then 
bo ro-oxy-;onated, tho theoretical amount of oxygen again being 
absorbed. Tho moisture which was rotcincd at 100° under a 
vacuum was lost upon heating to 170° without noticeable docroase 
in the oxygon capacity after this treatment« 

In tho case of tho deoxygenatod samples an entirely differ- 
ent effect was observed, k  dooxygonated sample, previously 
having been shown to carry theoretical capacity, upon exposure 
to air saturated with water vapor increased in weight up to 
15 per cent and upon oxygonatim in pure oxygon at 175 pounds 
pressure carried but 1.9 por cent or a decrease of 2.3 por cent 
from its original value. l.Tion this notarial was heated at 100# 

i** a vacuum, nearly 2 per cont cf the moisture was retained 
and the capacity of tho material was only 2.9 per cent. This 
material could only bo completely reactivated by heating to 
170° in r\  vacuum. 

There was no appreciable change in crlcr observed upon 
exposing tho dooxygonated sample to air saturated v/ith water 
vapor. It soomed probable that under such conditions tho com- 
pound absorbod moisture in preference to oxygen. 

Fron the oh ate It may bo concluded that when tlie deoxygenatod 
forii rf the compound has boon exposed to moisture it becomes 
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inactive, and can only bo restored by ooaplote reactivation* 
Tho ravorsiblo capacity based on the deozygonation at 100* would 
bo 2.9 per cent. 

Since there was no change in color upon absorption of nois* 
turo by tho dooxygonatod coapcund, it night bo concludod that 
there v/as no actual chonioal reaction involved in which tho 
material changed to its original yellow inactive fern. How- 
ever, several instances were observed whereupon a dooxygenated 
sample which had been exposed to racist air changed tc a yellow 
color identical with the original unactivatod aatorial. This 
phenomena was observed upon heating tho mint sample somewhat 
above room temperature. It would thereforo soon very probable 
that there is a definite chemical reaction in which tho mator- 
iel is actually doaotivatod by reaction wi^h tho noisturo and 
occurs at a temperature botweon 60 and 100°• 

In order to obtain information relative tc tho rato of 
hydratien as compared to the rato of oxygonation, samples of 
active| deoxygonated di-(2-hydroxy-3-mothoxybenzal)ethylono-> 
diimlne cobalt wore exposed to air of various humidities and 
tho amount of oxygon and moisture absorbed under those conditions 
determined. Tho compound used (L-39) had a capacity of 4.1 per 
cent. The samples of about 2 g. wore weighed into identical 
nickel boats, deoxygonated at 170° under a vacuum for 15 minutes, 
ooolod in an evacuated desiccator, thon quickly weighed and 
placod inthe humidifiers. 

Tho humidifiers were mado from dosiccators of tho same 
size. Tho noisturo content in the air of tho humidifiers was 
controlled by moans of sulfur!c aoid solutions of tho propor 
concentrations« Tho acid concentrations wore determined by 
specific gravity determinations using a pyknomotor, and the 
noisturo contont of these solutions was calculated in mg« of 
water per liter, from tho vapor pressure data for sulfuric aoid 
solutions taken from International Critical Tables, Vol. Ill« 
P» 303» 

Tho fivo samples wore pluood in the humidifiers for a 
poriod of 60 hours. Tho total gain in woight whioh is tho wator 
and oxygen absorbed at tho end of this poriod, was measured* 
Tho gain in woight due to absorption of wator alone was measured 
by placing the sample in an electrically heated tube at 170° 
and passing dry nitrogen over tho sample at this temperature 
and collecting tho moisture in a weighed U tubo filled with 
magnesium perchlorate« 

The data is summarized in tho accompanying graph from whioh 
it is ovident that the percentage of oxygon absorbed dooreased 
markedly with water absorbed. 
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iji experiment was designed to conclusively show that the 
active Co-Or: M can be i.iade to react with moisture rjid that the 
original hydrated form will result. In this experiment an 
active sample of Co-Ox M having a capacity of 4.1 per cent, 
digested in water on a steam plate for 12 hours. The color of 
the material changed from a reddish-brovn to the familiar yellow 
color of the hydrate. After drying in a vacuum at 100° for 12 
hours the material was activated by heating the material to 
170°. The loss in weight upon activation was 4.65 per cent 
which chocks with the value reported by Calvin and values found 
by tho notlvatlon of the original hydrate. The capacity of this 
material rent.inad unchanged from that of tho original material. 
From those experiments it was concluded that tho air employed 
for tho cxy^unation of Co-Ox U must be thoroughly dried to a 
value at least t-icw#0.r mg. of v; t^r per liter pf ir. 

Soct 
For tho details of the above oxporiments, soc Report XXXVIII, 
ion V. 

(9)  ijar.notic Susceptibility of pi- (3-hydroxy-5-mctho::ybonzal) - 
othyl-iiiodliulns Cobalt. By CaT/ln at the University of Californlt 
Measurorients of the magnetic susceptibility of di-(2-hydroxy- 
3-motho::yb3Jical)ethylonediiminc cobalt were made at California, 
Tho inactive material as first prepared, two samples, (a) and 
(b), of tho activated material, and the activatod and oxygenated 
material './ere measured. Active sample (a) was preparod by 
activating the matorial in a vacuum drying pistol and filling 
tho m.gnetio tube with activo sample; the oxygon was pumped off 
at 100° usinc nn aspirator. On removing the tube after measure- 
ment, the sample was not active. Three layers wore found in 
tho tube, tho top one of which was very similir in appearance 
to tho inactive material, tho middle one was brown, resembling 
the activo form not previously observed, Activo sample (b) was 
activated in tho magnetic tube by heating at 170° and pumping 
by a ITolson pump. The data scorns to indicate that the activo 
3omplo picks UD water rapidly and becomes inactive (see Report 
JUULVIIX. Section V). 

?.C5' 

Hydrate 

activo sample (a) 

active sample (b) 

peroxide (l/2 0.) 

Xm = 0500 :: 10~* 

Xh = 5400 x 10"6 

Xm ■ 2500 X 10"6 

3 electrons 

1 electron 

Xm = weakly parnnagnotic 

She SQgnetio ruscoptibility of sample 3 (Liggett L-12D) 
Scot ion VI, heport XXTCVTII, '-as alsc ac&eurod* 

3a = sice - ic"6 
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Thv^ procedure of measurement was the 3one as that or.ployed 
ir. measuring active saaplo (a). After aoasuronent the activity 
was tQ3ted ar.d found to be less than 1 per cent. The aagnotic 
da+c. indicate a aixturo of 1 and 3 electron ferns, possibly 
hydrate and active fom. The low activity agrees with this« 

Further details of those noasureacnts are given in Report 
XZCTXXX. Section VI. 

diinin^ cobalt W*AS deterained using the apparatus described 
earlier in connection with siniluX ncasurcacnts on th^ neront 
compound. The dateroiautiona \;ore iun at 25° and the equilibrium 
was approached froa above. 

Oxysen Prossure 
in an. Kg 

36 
56 
76 
99 

403 

Sxtent uf Oxygcnation 
in per cant 

20.1 
39.9 
67.6 
79.6 
97.0 

Similar data on the parent compound end en di-(3-nitros-licylil)- 
othylenadiir.iiu. cobalt (Calvin Üonthly Report, L!ay 15, 1942) 
have been reported. 

(11)  Thw Rato of Dotcricration cf Di»( 2-hydroxy«-3-aethoxrbenzal) - 
ethv]3näüJLr.in»""C'obalt. Two dotcrainations of the rate at which 
Co-Ox ..! deteriorate:: K-ITO  det^rainod. The first deteraination 
was rx.do in the machine built by Gilliland (first sent to McLean 
at Chicaco for toxioolc^ical 3tudies)  for making life tests 
cf the cr.apound and was put thn-ugh 2700 cycles. The coapound 
in this aachinc was contained in a tuba 0.5 in. in diaiotcr and 
about 30 in. ir. length. This tube held approximately 40 g. of 
tho p^-'derod arterial. The temperature of the cooling water 
varied jutweon 1C° and 15°. The dooxygenation wes carried 
cub with stoaa at ataesphcric pressure. The rate of passage cf 
air wr.3 vory slow, less than 0.1 cu.ft. per ainute. The 
entering air ./as at GO psi, and the exit air v/ac approximately 
20 uri. The ux^gen was giv^n eff at atausphoric pr^esure. The 
air used in oxygcnuti( n was thoroughly dried being passed through 
a aoohanical trap, a potassium hydroxide drying tower and a 
magnoeiam porch?orate drying Lo^or. The cycle was 10 ainutcs 
in length, about six minutes for oxygenntion and ub^ut four 
-..ii^es fox  deo:kygenati:m. 



The capacity of the material was determined at intervals 
by removing a portion of the compound from the tube. This 
sample was heated to 100° in a vacuum to effect complete 
deoxygenation. The sample after weighing was oxygenated under 
200 psi. oxygen pressure for 15 minutes. The compound removed 
each time was discarded so that any ill effect suffered due to 
exposure to air would not influence the data* 

The rate of deterioration is shown in the following table: 

Cycles Capacity 

4.15 

Rate of Deterioration in 
per cent of original 
capacity per 100 cycles 

336 

1645 

2700 

3.71 

a. 18 

1.84 

3.18 

2.8a 

0,78 

This deterioration is at tho average rate of 2.06 per cent of 
tho original capacity per 100 cycles, but as seen from the 
table the deterioration proceeded much more rapidly at the 
beginning. This apparent decroaso in the rate of deterioration 
might be due to the fact that the compound was packed in tubes 
In such a manner, that only the outside layor was fully heatod 
and coolod during tho cycle. If such wero tho case it might be 
reasonably expected thut the outside layer would deteriorate 
fastor and after rather complete deterioration would protect 
the inner layers in the tube from heat chances to such an ex- 
tent that the rate of deterioration might seem to slow down. 

After tho final capacity tost, tho material \;as heated to 
170° in a vacuum. Its capacity was then 2.2 per cent. It ap- 
peared therefore that hydration had taken place in some way. 
The ÄOBt reasonable source of this moisture, since the air was 
dried over aagnesium perchiorato, is from the combustion of the 
organic portion of the molooulo or possibly exposure of tho 
material when samples were being rc.iovod. 

Tho second determination of tho late of deterioration of 
di-(2-hydroxy-3-mcthoxybensal)othylcnodiimine cobalt v:as deter- 
mined in the rotating drum xu chine described in this icport, 
Section X,, Part Bt. The air used was again dried by passage 
over walnut potassium hydro::ido and magnosium purchlorate. About 
8 cu. ft. of air at 80 psig. way passed through the drum during 
ecch cycle. Approximately 600 3. of material war contained in 
nke irum 30 that this amount of air was greatly in JXCOS3 01 
that \heorotically roquirod. Th*: temperature of the ocoliug 
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water was 18-20°. Tho temperature of the steam used was 100°. 
During the dooxygenation a vacuum v/as maintained in the drum. 
While the compound was hot, therefore, it was in a vacuum. 
This study was begun before the importance of the watoi absorbed 
by the compound v/as fully appreciated and measurements of the 
water content of the compound wore not mado until after tho 
test had progressed about 1000 cycles« The amount of water 
was then determined at the same time tho oxygen-crrrying capacity 
was determined. Tho material contained about 3.25 per cent 
water, a value ./hioh did not change during the period of 1000 
to 3000 cycles. Tho results of this study and of tho first 
study of the rate of deterioration mentioned above are giv^n 
graphically in the accompanying figure. The rate of deteriora- 
tion of this notarial v/as quite groat at the beginning of this 
experiment but leveled off to a value of 2.4 per cent at about 
1500 cycles and did not deteriorate appreciably during tho next 
1500 cycles. The overall rate of deterioration during tho 3000 
cycles was 1.3 per cent per 100 cycles. 

iS, • 2-Hydroxy-3-nitrobonzaldohydc 
(3-ITitrosali cylaldohyde) 

1)  The Nitration of Salicylaldohydo. Further \<ork v/as 
>ut on the nitration of salicylaldohydc, complementing 1 

is carried 
out on the nitration of salicyTaldehydc, complementing the work 
described oarliur in which the concentration of the nitric 
acid used v/as variod. A seriös of nitrations were run in which 
tho amount of nitric acid v/as variod and other factors held 
constant. The amount of nitric acid was variod from th6 theore- 
tical amount to a 150 per cont excess; tho optimum amount was 
found to be a 30-50 per cont excess. In another series of 
nitrations tho onount of acetic acid used as solvent was variod 
from 3-7 times the weight of salicylaldohydo being nitrated. 
The optimum condition was found to be 4-5 times the weight of 
tho aldehyde. Preparation? using the best conditions of nitric 
acid etneentratien, excess of nitric acid and volume of acetic 
acid gave yields of 92 per cent of tho combined 3- and 5- 
r.itrosalieylaldchydee. Refinement of th„ method cf separating 
the tconeric compounds gave consistent yields of tho t\<o isomors 
in tho ratio of 3-nitro to 5-nitro3ulicylaldohyde of 46 to 54. 
The dotails of this work will be found in Report XXIX. Tho 
recommended procedure for the nitration of salicylaldohydo, tho 
soparrtion  cf 3- and 5-nitrc iaoriors and the preparation of 
c*i-(2-hydr<xy-3-nitr> benzal) othylerediinino cobalt follows. 

Keconmcndqe. FroecduTV for »he Nitration of Salicylaldchydo 
and the Separatlen of tho 3-HJtro and 5-iiitrcTsomors. The 
TTt ration.  In ! o" Tit or, 5-no ok flask" cquipo^d ;.-ith a motor 
ftivor Stirrer, a dropping funnel, n thdraraotor, and c vacuum 
?im to carry off the fun s, plaoo 2000 g. of glacial cootie 
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ucid uid 5G0 g.   of salicylaldehyde  (technical).     Cool this 
solution in on  ice bath to 25° and then stcrt the  slow rddition 
of the nitric acid.  During the next 2.5 hours add 400 g.   of 
98 per cent nitric acid,  sp.  gr.  1.5C.    This acid must be 
added slowly LBA after the first 100 g. has been added the tem- 
perature should be reduced to less thnn 15° and held bo lav 15° 
until the addition is complete.    After 8.11 of the aolfl has 
been added,   remove the solution from the  ice bath r.nd rllow  it to 
warm to about 45°.     This will  take from 1-2 hours.    "»hen the 
temperv tur^> reaches 45°,   immediately pour the arterial  into 
10 liters  of water containing some orroked  ice.     Lot the mater- 
ial str. nd 11 leset 5 hours,  than filter off .nd dry.    The yield 
from this procedure  is  ..bout 92 per cent,  o&leuleted on the 
basis of the technical grade  salicyl.ldehyde  - s 85 per cent 
pure. 

Separation of I&cmcrs.     On the basis of the work described  in 
Report Xv, TEe  following procedure  is recommended for the sep- 
aration of 3-nitro  s licylald.hydo from 5-nitro sclicyl;ldehyde. 
Dissolve 4 p.rts of the mixture  of iscmers  in 30 p rts of 
wator :nd 1 p rt  cf sodium hydroxide.    Heat until rll of the 
material it in solution,    nd allow it to cool slcwly by st:nd- 
ing overnight.     Filter  off the cryst llin^ sodium salt  of 5-nitro 
Sc.licylaldehydc   i nd treat th~ filtr to vjith 1:1 sulfuric sold 
until ne more material  is precipitated on further    dditicn cf 
acid.     Filter  off the pure 3-nitro Salicylc ldehyde. 

In order t:  further purify tho 5-nitro s.licyleldehyde 
recrystallize  the s.diuia 5-nitro sal ley la ldehyde twice  from 
6 tlus  its weight   of w.ter.    Dissolve the resulting pure  sodium 
5-nitro s: licylrldehyde  in 6 times  its weight  of wator ind acidify 
with   1 to lsulfuricc. oold until n   more precipitate i.ppecrs. 
Filtur off    nd dry the pure 5-nitr^ slicyl.ldehyde. 

In wrder te obtain the  isomer of 3-nitre  s licylaldehyde 
which will give in oxygen carrier aissolve the 3-nitre s licylnl- 
dchyde prep..red above  in tv.ic~  its weight cf hat alcohol t nd 
place  the resulting  solution in a well  insul ted container. 
Allow the solution tc st nd 2 or 3 d. ys without disturbing -nd 
ther. filter off thw large dark brown cryst: Is of the high molt- 
ing lsjaer.   Li. p. 108-no0 * 

(2)    Recommended Procedure for the Preparation of Di-(2-hydroxy- 
3-nitrobenzal)ethylenedilmlne Cobalt.    Dissolve 2 moles of 3- 
nitro salicylaldenyde  (m.p.   106-HOo)   in 1500 ml.   of hot 95 per 
cent alcohol.    To this solution add 1 mole of ethylenediamine. 
Cool tho solution ana filter off the orange-ye1lav precipitate. 
Mix the  wChiff's base without drying Into 10 liters of hot water. 
Add 2 moles of sodium hydroxide and 2 moles of sodium acetate 
dissolved   in 1 liter of water.     To the resulting materii1 add 
<i ricle.3  Of cobalt chloriae dissolved in 1 liter of water.    Digest 
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the mixture on a steam bath for 6 to 8 hours,    filter and dry 
the material at 100°.    Activate the dried comoound either in a 
vacuum oven at 120* or under infra-red lamps. 

(3) The Activation of ni-(2-hydroxv-3-nltrobenzal)ethylenedUmine 
Cobalt.    Studies were »de of the activation of di-(2-nydroxy-3- 
nltrobenzal)ethylenediimine  cobplt under various conditions. 
At a temperature of 125-130*  in air the material was slowly 
activated, about 24 hours being required,    ""here was no 
apparent decomposition at this temperature.    nnder a vacuum 
the compound was activated at a somewhat lower temoerature. 
There did not seem to be a definite optimum temperature for the 
activation as experiments showed that the activation occurred very 
slowly at a temperature of 90* under a high vacuum.    Only at a 
temperature of 120-125° was the rate of activation rapid. 

Tt*e compound di-(2-hydroxy-3-nitrobenzal)othylenediimine 
oobalt was found to be partly activated at room temperature in 
a vacuum over phosphorus pentoxide.    A sample activated in this 
manner for several days carried 2 per cent oxygen. 

(4) Rate of Oxygenation of Di-(2-hydroxy-5-nitrobanzal)ethylene- 
dlimine Cobalt.    A 558ber of determinations of the rate of oxyren- 
ation of di-(2-hydroxy-3-nitrobenzal)ethylenediimine  cobalt w°re 
made by the gravimetric method described in detail in this report, 
Section X, Part C,  subsection (1).    This method was quite satis- 
factory although the compound exhibited a tendency to Dlug the 
glass wool filters and prevent the flow of gas through the 
U-tubo. 

It «as found that di-(2-hydroxy-3-nitrobonzal)ethylene- 
diimine cobalt absorbed water as well as oxysren if the air or 
oxygen used was not throughly dried.    Therefore a study was 
made  to determine the correlation between the Quantity of water 
present  in the pas and  the  rate  of oxyrenatlon,   the oxvpen ores- 
sure end temperature being held constant,    fhe humidity of the 
in-going gas wn3  adjusted by Dossing the gas through sul^uric 
acid solutions of various concentrations or through suitable 
saturated salt solutions,    The   gain in weight of the TT-tubo was 
measured and the oxygen evolved and its volume determined,    i^e 
weight of oxygen absorbed was then  calculated and this weight of 
oxygen subtracted from the rain in weight of the TT-tube.    "'he 
difference in weight was then  equal to the weight of water 
absorbed.    The rate of  absorption of water was assumed to be lin- 
ear during the period  of oxygenation, the rate of absorption 
of water per minute was  calculated, and this value was apnlied 
as a correction to  the weight of the TT-tube at each interval 
during thi   oxyg^nation.     There was thus obtained the rate of 
oxygenation plus hydration and the  rate of  oxyg nation alone. 
Although this method may not be absolutely correct since the 
•:.h?ori>tion of water any not hnve b^en linear,  it is felt that 
i«.r.y j?ror involved could only be vary small. 
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The data obtained for the rate of oxygenaticn plus hy drat Ion 
end the rate of oxygenction alone at atmospheric pressure and 
room temperature at relative humidites of 0, 5, 10 :.nd 56 per 
cent are shown in the accompanying three graphs, A satur* ted 
sine chloride solution was used to adjust the humidity of the 
air tc 10 per cent; sulfuric acid of sp. gr. 1.67 was used to 
adjust the humidity to 5 per cent; the atmosphere '.s used direct- 
ly h: d a humidity jf 56 per cent. 

The rate of exygenotion cf di-(2-hydrcxy-3-nitrobcnzrl)- 
ethylenediimine oobt.lt in pure oxygen WLS also determined using 
the volumetric apparatus describee in this report, Section X, 
Fort C, subsection (3). The r.-.tes cf oxygcnr.tim were deter- 
mined it 24°, 55°, 70-72° and 87°. The results ere shown 
graphlo.lly in the accompanying figure. The rate of oxygenaticn 
of di-(2-hydrcxy-3-nitrobenzal)ethylcnediimine oobr.lt chrnged 
only slightly with temperature. This is particularly interest- 
ing since the re to of oxygen:ti:n cf the p-rent, oxygen-oerrying 
compound varies gro tly with temper, ture. 

The point at which the rate curve levels off depends markedly 
upon the oxygon pressure, th.t is, the higher the oxygen pressure 
the nearer to the theoretical, oxygon-ct.rryinß capacity the rate 
curve appro.chos before leveling -ff. 

Even when de oxygenated di-(2-hydrexy-3-nltr benzol)othyl- 
encdiiminc cob It w s placed in an atmosphere of oxygen at 200 
psig., it did not quickly become entirely saturated tilth oxygen. 
In fv.ct approximately 30 minutes w:.s required for the l^st few 
tenths per cent of oxygen tc be absorbed. However, when the 
compound w.s saturated with oxygen at 200 psig, it did not lose 
oxygon when the oxygen pressure wot released. 

The role that water pl-ys in th>- rate of oxygen.ti.n of 
di-(2-hydroxy-3-nitrobcnzal)ethylcnodiimino cobrit is net entire- 
ly clear,  apparently the rrto of oxygen:tion is ■lightly faster 
in lr or oxygen containing 0 smell amount of water, th t is, at 
relative humidities of 10 per cent or lees. At the s me time 
the compound is rendered in; otive by the absorption of water« 
The de oxygen,ted compound upon absorption of w ter immediately 
turns yellow. It en be rogener. ted by hooting in : vaouum 
at 120° as described in the following section. 

(5)  The AbSOT 
o-nitr.bonzrl) 
of the .ctlv t 
cobalt were pi 
ed to come to 
from 25 mg. to 
obtained by pi 
sulf'irlo acid, 
then de oxygen*: 
teater" tube : t 

ptlon of Moisture nd of Oxygen bjr Dl-(2-hydroxy- 
ethylenedllmlne Cobalt. A series of weighed s mpl 
ea di-(2-hydroxy-3-nitrob: 

08 
. __  ,_ ..„ — -.„      .._      -_nz; DethylenediimiAc 

„ced in air of various known humidities end 'llow- 
equilibrium.    The moisture content of the air ranged 
0.2 mg.   per liter of    ir;   these humidities were 
cing In deslcc- tors the prcper concentration of 

At  tho ^nü cf 72 hou^s each s:mple w.s weighed, 
ted and dehydr ter: by placing in   n oleotriorlly 

150-    i-d p' cslng ory nitrogen ever the s-ample» 
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The aolsture evolved was collected and weighed in a U-tube filled 
viith magnesium per chlorate.    The sample <;ss then cooled in a 
vacuum desiccator and reweighed.    The loss in weight was equiv« 
alent to both the oxygen and the moister absorbed.    ?rom the 
weight gained by the U-tube and the total loss in weight,  the 
amount of moisture and the amount of oxygen absorbed r.t each 
humidity was calculated.    The results obtained are summarized in 
the following table and accompanying graph. 

Density 
H.SO« 

Percent 
H,S04 

Mg. 
Per 
Air 

' rater 
Liter 

Per Cent 
Oxygen 

Absorbed 

1.93 

Per Cent 
Watar 
Absorbed 

I 1.299 39*6 25.4 1.98 

II 1.450 55.5 11.4 2.16 1.40 

III 1.521 62.1 6.4 --.♦ .-.♦ 

IV 1.629 71.6 1.7 2.6 0.6 

V 1.740 61.2 0.24 2.85 0.3 

♦ Sample 3 wcs lost during the course of this run. 

It is apparent th-t the absorption of oxygen decreased 
mt.rkddly with increasing water content in the air.    However, 
by comparison v ith similar d-.ta found for Co-Ox M,  see this 
report,  Scotion VI24Fart B»,  subsection (8)  end accompanying 
gre.ph,   it is evident that the effect of moisture on the 3-nltro 
compound Is much less,  than on the 3-methoxy compound. 

In cv'Ji'y case upon deoxygen-.tion end dehydration at 130° 
the samples returned to their original weight shoving that all 
of the moisture hed been removed et this temperature»    The poss- 
ibility of entirely removing absorbed moisture at a much lowur 
temperature has not as yet been definitely ascerteined. 
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I.  2-Hydroxy-3-nltro-5-methylbenzaldehyde. 

The compound 2-hydroxy-3-nitro-5-methylbenzaldehyde was 
obtained by the nitration of 2-hydroxy-5-methylbenze.ldehyde 
in glacial acetic acid (Report XXXII, Section IV). This 
aldehyde was condensed with ethylenediamine and the yellow 
condensation product converted to a cobalt compound. This 
cobalt compound was given the usual heat treatment and tests, 
?nd was found not to carry oxygen. This was rather surprising 
nasmuoh as the 2-hydroxy-5-methylbenzaldehyde and 2-hyaroxy- 
3-nltrobenzaldehyde compounds do c.xry oxygen. 

J« 2-Hydroxy-3-phenylbenzaldehyde 

Attempts were made to prepare the aldehyde 2-hydroxy-3- 
phenylbenzaldehyde by the Duff reaction on o-hydroxybiphenyl. 
The desired aldehyde was not obtained by steam distillation 
of the acidified reaction mixture. Attempts to Isolate the 
aldehyde by extraction methods were not made ond other methods 
of synthesis have not e3 yet been employed. 

E. 2-Hydroxy-5-phenylbenzaldehyde 

The compound 2-hydroxy-5-; henylbenzsldehyde was synthesized 
from p-hydroxybiphonyl by the Duff reaction. This aldehyde 
was ctJnd^nsec; with ethylenediamine ;nd the bright yellow 
Schiff*s base obtained converted to & cobalt derivative. 
Attempts to activate this material by hoating in a vacuum at 
various temperatures proved unsuccessful and the material did 
not carry oxygen. For details of the preparation of the 
aldehyde seo Report XXXII, Section V. 

L. 2-Hydroxy-4t 6-dimcthylbenzaldehyde 

Th« abovj ?ldehyde was prepared by the Duff reaction on 
3,5-xylenol. Upon steam distillation of the acidified reaction 
mixture the ''„«sired aldehyde was obtained as a white solid, 
■up.:  43-45*. Yield: 11 per cent.  The Schiffs base of 
the above aldehyde with ethylenediamine wes pr'-pered by the 
usual method.  The cobalt derivative was prepared by the 
alcohol iav;thod and yielded a brilliant orange-r^d compound« 
Upon heating in a vaouum at temperatures varying from 100-170 
th'jre was no r.ppreciatle decrease in weight or chanße in color, 
and the semple shov;ed no oxygun activity. 
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W.    2,3-Dihydroxybenzaldehyde. 

A great deal of work was devoted to the preparation of 
this material by the demethylation of 2-hv*roxy-3-raethoxybenzal- 
dehyde• 

(1) Synthesis from 2-Pydroxy-3-methoxybenzaldehyde by Tie methyl-» 
atlon.    ^he demethylation of 2-hydroxy-3-methorvbenzaldehyd.e    ~ 
would appear to be  a relatively simple matter particularly In 
view of the ease with which demethylations are ordinarily 
carried  out and in view of the work by Pauly  (Ann.,  383.   312, 
1911) who reported obtaining a 50 per  cent yield of 2,3-dihy- 
droxybenzaldehyde by demethylating 2-hydroxy-3-methoxybenzal- 
dehyde with 48 per cent hydrobromic acid in an acetic acid 
solution.    This reaction was also carried  out bv nates at 
Stanford university,   (Master's ^hesis).     3ome  15 different 
attempts were made to carry out this reaction using hydrobromio 
acid and the procedures of Fauly and of Hates, but the results 
were far from satisfactory.    T;.e yields never exceeded 15 per 
cent cent and  the amount of  labor involved in working up the 
product and separating it from the unreacted 2-hydroxy-3- 
methoxybenzaldehyde and from the tar which accompanies the reac- 
tion discouraged any hope of making this process a practical 
one. 

^he I'onsanto Chemical Companv has preoared 2,3-d ihyd.ro xy- 
benzaldehyde.    They stated, hcwe"er, '«»ithout telling the method 
used,   that  the material was extremely difficult to obtain.. 

(2) Condensation with llthylenedlamlne and rphalt.     Several 
preparations of di-(2,3-^ih^roxvbenzalJethylenec'lTmine were 
made by the usual procedure of preparing a "chief's base.    T^ia 
work was done with a  sarnie   of 2,3-dihv*roxyhenzaldehyde obtain- 
ed from the *'onsanto Pvemical Comnany.     2,3-,nih"droxybenzBl*e- 
h.ydewas dissolved  in hot  alcohol and to this solution one-half 
equivalent of ethylenedlamlne was added.    "Tith the nroper con- 
centration a rod solution wa*  formed w^ich on cooling formed 
a yellow-oranre orecipitate  consisting of flat plate like cry- 
stals.    This material had a sharp  decomposition temperature 
at 220°.    "Then prepared by this method reer^stallization did 
rot appepr to imporve the nroduct. 

The raaction of dM2,3-dihyd.roxybenzal)ethylcnediimine and 
cobalt salts was carried out a number of ti^.es.    ^his  com- 
pound was prenared b-   first forming a  solution of the sodium 
salt of  the  condensation product, thon  adding cobalt  chloride. 
Various modifications of this method in which  alcohol we» used 
were  also tried,    ^he  pyridine method  of Calvin and the direct 
mixing method wore also employed.     In all thase preparations 
the  product was red-brown in color aft-r having been dried 
at  100°.    The material did not carry oxyren.    On heating to 
temperatures as high as 200°  in a high vacuum the material did 
not  lose apprcci&biy in weight ar.d did  r.ot oxhiMt oxypen- 
carrying properties. 
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When prepared in high concentrations of alcohol an orchid 
material was obtained which appeared to be a compound corres- 
ponding to the orange compound formed by the reaction of 
disalicylalethylenedilmine, sodium hydroxide, and cobalt chloride 
in absolute alcohol. This material did not react with water, 
however. 

It was believed that di-(2,3-dihydroxyhnnzal)ethylonedilmlTie 
cobalt, which has two acidic hydroxy groups, could *orm a sol- 
uble salt with a base end produce an oxvs-an carrier w^ieh m'ght 
work in wat^r solution. A number of attempts wr*ro made to iso- 
late the sodium salt without success. The dl-(2,3-dihydroxy- 
v>enzal)ethylenediimlnö cobalt was found to bo soluble to the 
extent of 3 per cent in water containing 2 equivalents of sodium 
hydroxide. This wstir solution was found not to carry oxv^en. 
when oxygen was bubbled through th*s solution it turned black, 
showing possible oxidation, ^be materials recovered from the 
solution, etlher before or after treatment, «w »"i found not to 
carry oxygen. 

N. 2-Hydroxy-3-ethoxybenzoldehyde 

The work on di-(2-hydroxy-3-methoxybenzal)cthylenodilmino 
cobalt described in Section "^1, part B& of this report hrs 
shown that this compound •xygonatea extremely rapidly in air 
at atmospheric pressure and at temperatures between 0* and 15°. 
Faturally the character of the homologous 3-alkoxy compounds 
became of interest» An increase in molecular weight ".'as pre- 
dicted by Latlmer to increase the general reactivity of the 
parent oxygen-carrying compound and in turn to increase the rate 
of oxygenation. The mcthoxy compound is ^ast, but a faster 
compound would be still b'.tter. In addition th* r.-thoxy compound 
has certain undesirable characteristics. It is first obtained 
with water of crystallization which can only *»a eliminated by 
heating the material to 170* in a vacuum, thus complicating its 
manufacture. The activated material is extremely hygroscopic 
in nature so that the air used to oxygenate the compound must 
be extremely dry. T^c absorption of —at er decreases the oxygen 
carrving capecity of the compound since the hydrated material 
does not carry oxygen. A more desirable compound would give 
up its water at a temperature below 100° an* thus render the 
activation step at a higher * w&perature unnecessary and in addi- 
tion allow the use of air not so thoroughly dri-;d. 

The cobalt drivativo of 2-hydroxy-3-et>oxybenzaldehyde 
and ethylenodiamine 'vrr therefore prepared and since it appear- 
ed not to have ssme of tre undesirable charect jristies of the 
methoxy compound it was subjected to detailed studies whioh 
are continuing as this reoort is written. 
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Synthetic 2-hydr-<xy-3-metheyybenzi.l^.chy<"o wes    V, lieble 
in fairly large quantities f;r the preparation  :f Co-Ox M| 
unfortunately,  sufficient <?ui?ntiti«_s of 2-hydroxy»3-othoxyben» 
zaldehydc wore not available for preliminary work on its cobalt 
o .".p.-und.     The early work was carried  . ut with 2-hydroxy-3- 
ethcxyb nzaldjhyde prepared from cateohel by conversicn to 
£-cth-xyphwncl end th~ application of the Duff reaction on the 
Ittt.r.     Later,  attempts v/erc macic t.:  synthesiz:.  2-hydrcxy-3- 
6th* ■Lybenzuldchydo by demethyleting 2-hydror.y-3-ruthoxybcnzal- 
d_hyde  and ethyl^ting th_  3,3-dihydrexyb:.:nz£ld.hyde  sc produced. 
Difficulties wer.; experienced with both Step*  of this methrd 
and it r.O'.s no£ appear to be .& feasible moth.d f«r obtaining 
2-h*e? .^y-3-et._i'::yb\,nzaldehyee.     it was kn-v.n t*iat the Uonsrntc 
Chexaij, 1 C.rip&ny of St.  Louis, Missouri manufactured othyl/anll- 
lin end  it was  therefore  suspected that th-jy might have avail- 
able,   <_,s a by-proauct,   2-hyaroxy-3-ethoxybenzaldehyde.     Although 
at  first, reluctant to discuss 2-hydroxy-3-ethoxybenzaldehyde 
bee: use  thr-y hoe. not devoted attention to ro: king  up the  crude 
m&terial  they haa avt-.ilt ble,   later they furnished stmples of 
crude 2-hydroxy-3-ethoxybenzsldehydo  for e\pa imental v;ork. 
Monsanto stated further that the pioduotion of 2-hydroxy-3- 
^•thoxytcinzaldehyde was limited to ; bout 200 pounds per month 
r.nc  that there w^s no kno\;n raetho..   of pr. paring th-.   mr.tt.ricl. 
It would c-ppe-r,   hov-ev ],   th  t t   method  of producing this 
ms.t^-ri; 1  could be  devised  if the effort required were   justified. 
Th«.  following subsections describe  in u. t.il the vork vhich 
was  don«,   on the  synthesis  of 2-hydroxy-3-ethoxybunzaldchyde. 

(1)  Synthesis from Catechol. 

(a)   Synthuslj of o-^thoxyph-nol.     although _c-..thoxyphcnol 
is montior.-a  in the~lTter::ture i. great many times,   clear cut 
directions for its synthesis ere  lacking.     The  di-ethyl ethor 
has boon mr.de'  and then converted to the mono-ethjO. ether by 
treatment with elk 11.    Very e< rly work  is mentioned in v.hich 
the ethyl,tion is carried out using ethyl iodide but no details 
».re giv-in*    ,.nothor method  is described in "hich c_-ethoxyphenol 
it» obtained from o-phon-tidin by dis zoti-oation.    Still ine'thcr 
athJ describ' s a preparation fron the di-ethcr by mo ns of 
a Grignerd ro. ction.    .i reviev: of this lit drat uro will be  found 
in Report xxxvn, Scotlon III. 

. greet number of preparations  of this arterial were 
crried ~ut during the  cours-  of the werk end th:  variables 
•vhich .v-'io considered important in the preparation, wore varied 
system.tlo&lly«    The temper-ture-  during the e dditicn of the 
sodium hydroxide to tho pyroo-'techol ; ..r; veri~d from 5°c t*r. 
40°C  end th    length of time  taken te    dd the srdium hydroxide 
w:s v.ri'.u from 20 to 60 minutes.    The temper-tur-   of the 
solution during th t < dditien -f ethyl sulf£te v; s v.ried from 
50°  te  8üo   .nu the- time     f   addition from 35 to 60 ninutes. 
Tho fin x  solution ma r^flatHd for periods v: ryiriG freri 15 
ni.nutee 5c 1*30 miaates. 
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goQCjfflfigfideg Procedure far the Preptr,tian of c-Ethcxyphenol. 

In a liter, 3-neckcd, round-bottom fie8k provided with 
a reflux condenser, a stirrer, :nd & dropping funnel, nix 
1 mole vllC g.) of pyrocetechol with 2O0 ml. of vet er. In 
6 beaker dissolve 1 mole (40 g.) of sodium hydroxide in 100 
ml. of water. Heat the pyrocitechol solution to boiling \,ith 
constant stirring, '.'hen it is refluxing evenly and all of 
the cir has been displaced from the fleek, ..dd the sodium 
hydroxide solution through the dropping funnel. Rinse the 
funnel « ith a little distilled water and th-n pour 158 g. 
(4 g. excess) of diethylsulfcte into it. Add this diethyl- 
sulfate slowly to the refluxing solution over a period of 
45 minutes. Reflux the final mixture for one hour, cool, 
acidify, LAd separate the top (oily) layer. Steam distill 
this oil with a small flame under the flask.  Then separate 
the oil from the distillate, dry for a few hours over anhydrous 
Cvleiurn eulfate and vacuum distill.  Collect a 5 degree frac- 
tion at about 100° under 10 mm. pressure. 

The unreaoted pyrocatechol sen \>~  reoovered from the 
water l^ytr of the original reaction mixture by extraction 
with ether. Evaporate the ether and vacuum distill the re- 
sidue, collecting the pyroc.tachol above 110° under 10 mm. 
pressure 

(b) ..PPllot-tlon of thv Luff He-action to o-lthoxyphenol. 

Of the various methods availuble for the prep«: r-t ion of 
o-hydroxy aldehydes, the m.thod of Duff (J. Chun. SQQ.. 1941. 
547) io p&rtioul rly int resting in boing~~ru.oid nd c-.sy to 
Carry out. Although previous expwri<_ncc with the method h:d 
not b^en too favorable, see Report XXXTJ, it wae decided to 
study the reaction aomowfcat further. ?or this re son studies 
wore made on o-phenylphenol, 3,5-dimethylplunol, and p-oresol. 
The effeot of drying the reagents was studied. The important 
point, howeveri was founa to be the temperature t the time of 
adding the hoxftlBothylenetotramine ■ and it was found best to 
add the hexamethylenetctr^mine and phenol simultr»neouely. This 
ruction \;&B  run a number of tines in the preparation of 2-hy- 
dror.y-3-ethOxybenzaldehyde with various modifications in the 
procedur«. but th~ maximum yield obtained was only 11 per cent. 
(Sou Report JQCVTI, "action 7 for details of this work») 

.rj-Hydroxy-3-ethoxyb. nzeldohydo it ■ 'hit*, crystalline 
solid [m.p.: 64-65«, b.p. 263-i3e40/740 mm. with Flight de- 
composition. ) 

(2) Synthesis by äthylatlon of 'l.3-lihydroxybenzvldihyde. It 
was thought that on athylation th-- 3- potion of ?,;5-dihycroxy- 
benzaldehyde would b-, relatively easy to othylete -ithout the 
simultaneous ethylation of the 2- position and th t in this 
manner ,3-hrdroxr-3-othoxybenzaldehydG coula be prepared« .. 
numbt'i or unsuccessful att-.mpte war made to sthylatc 2,3- 
äil. C'T ^v.-v-r"*-.V ph.-dt using both di tryl sulf ti and ethyl 
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Iodide  and carry the reaction out with squeous  sodium hydroxide 
solution,     lcoholic sodium hydroxide  solution «.nd with metallic 
odium in toluene.     7rom all of these v:ri:.tians,   only the 

>;rigiri:.l 2,3-dihydroxybonzaldehyde *vas obtained v»ith sometimes 
b  sm;ll tjnount of tar.    Thcs;, negative results -./ere rather 
air concerting rnd ere rath.r difficult to explain.     They are 
poL-sibly duo to a double  chelute  structure  of 2,3-dihydroxy- 
benzaldehyde. 

(3)     Isolation from Monsanto Crude.    .. tun peund sample  of 
crudo  ^-hydroxy-3-etho/.ybenz. ldehyde was ob11 inod from the 
Monsanto Chemie. 1 Company with the warning th. t it vould bo 
Vv:ry poor mv-teri«»l centwining only about 60 per cent  ef 2-hy- 
dro\y-3-ethexybonzaldehydc.    The cu t_ri-.l   obtiined vas sub-' 
jeetod te  •_  vtcuum distillation.     The  2-hydroxy-3-othoxybon- 
zi.ldehyde  distilled at  156-156°/30 mm.,   yielding abcut 80 per 
cent  of mct...rial melting at  64°.     The frt.cti.n dietilling at 
158-185° was  further fricti-nated yielding i.   further  10 per cent 
of 2-hydr~xy-3-othexyb-n2aldehyde.    A small emount  :f higher 
bailing rn.tv.rial Wufi  obtained. 

..dditi-nal studios  on the  crud^ mat^riLl h;.v.   indicated 
that the  Schiffs base with cthylonedi-mine prepared directly 
fr ..m the   ^rude m&torial h, b the  same- melting point as e sample 
of recryst. llized Schiffs bi.se prepared from Carefully puri- 
fied aldehyde r.nd ethyl. nodi„minc.    This vculd indicate thrt 
there i^ no necessity for further purifying th:  mterif.l if 
the  Schiffs base  is  isolated as  .i et.p in the manuf ..cture   .-.f 
th«.   cob^Dt  compound. 

Di-(2-hydrwXy-3-ethoxyb:.nz.\lKth.vlenedilmino.     2-Hydr >xy- 
iw.vyb>.nz'idehyde was cendensed with ethyl^nedi^ rain,   in on 

(4) 
3-.Uu.xy     ,_..        ..        ._       .._.._      ...     , 
absolute tloohol medium. The bright yellow condensation v;uS 
reorystallizod :ncc from alcohol m.p. 136-140°. The Schiff», 
b ee w a  s. luble  in dilute  alkali. 

(5)     Pi-(2-hyär-xy-o-Jth.-.yb-.na  1)ethylen^dlimine  Cobalt 
(J -0:; gP .     ?nc  first prep r ti.n ,f di-(2-hydr-xy-3-othoxybon- 
zalKthyl-. nediimino  ceb It wufi m-.do  in dilute  . lc hoi.     The 
Sohiff'd b. so v £ dissolved in hot aloohol    nd treated with a 
hoi»,  :. g.ueous solution    t the c loulated    mount  ot cob It 
•icet tw.    A golden precipitate v/ s obtained.    This material 
turacd bi-^v.ni'oh-rod \;h«.n dri.d under v.ouum    t 100°.    When thu 
dri^-d matorial was exposed te ..ir,  it quickly turned bl-^ck. 
The  compound c rried the theoretic 1 amount  of  oxygen,  3.80 
per cent. 

The  second batoh ef di-(2-hydr:xy-3-^thoxybenz 1)ethylene- 
diimine  obalt v. s    lse prop red in dilute    lc:h:l but using 
the  sodium salt  of the Schiffe base.     The Schiff 3 b Be pre- 
pared fron £-hydroacy-3-ethcxyb«-nz Idehyde w s dissolved in the 
dilute   -Ik li    nd till -i: tre ted vith cebr.lt aoetate to form 
c -'.*j-hyirexy-ö-6thor.ybon7...3 )"»  tnylcnedliuine cobalt.    Thia 
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wes carried out in a 30 per cent alcohol solution buffered 
with enough acetic acid and sodium acetate to make the final 
mixture slightly acid. The compound was maroon-red hut drying 
at 100: changed this color to a light reddish-brown. However, 
as soon us the compound was cooled and exposed to air it turned 
black very rapidly. This color change was checked on the ra.p. 
apparatus and was found to occur at 87-90°. The oxygen absorb- 
ing c^pucity of this materi.il corresponded to its theoretical 
value of 3.80 per cent. 

(6) Rate of Oxyftenetlon of (Ll-(2-hydrox.v-3-ethoxyben2al)- 
ethylenediimine Cobalt. The rate of oxygenation of di-(2-hy- 
droxy-3-ethoxybenzc1)ethylenediimine cobalt was determined at 
three temperetures, 0C, 10°, and 20°, using the gravimetric 
method described in Section X, Part C, c;ubs<iCtion (1) of this 
report.  The rate of oxygen_.ti.cn was essentially the same at 
e.. ch of those temperatures and the rate of oxygen;..tion is 
somewhat slower then that of the methoxy compound, reaching 
80 per cent of saturation in 21 minutes, whereas the methoxy 
compound reaches 80 per cent of saturation in less than 10 
minutes. The results of these studies are presented in the 
uccompanying gr.pn. The rate of oxygenation was plso deter- 
mined in pure oxygen at 26° . t ■;. pressure of 8 psig using 
the differential manometric \pp retus described in Section 
X, P^rt :. of this report; tin. oxygen, tion wr.S 80 p:r ocnt 
complete in 1 minute and completely saturated in 5 minutes. 
It thus appears the t the rs.te of oxygon.ition of the ethoxy 
compound is rather independent of th.: temperature but greatly 
effected by ch:nges in oxygen pressure at Dressun.s about 
^tuotph^ric. The rate of oxygention in i ir :t 5°, 14°, 30°, 
nd 35° t atmospheric pressure was lso determined using the 

manomotrio r- tv: apparatus (this report, Section X, P rt C, 
Subsection (2) ) nd practically the same results obtained 
;s given in the ccomp*nying gr. ph. 

Sou Section x, Part G for a comparison of the r tes of 
oxygen tion of the ethoxy and other compounds. 

(7) Hy;;rosooplslty .nd Dehydration of Pi-(2-hydroxy-3-ethoxy- 
benral) Jthyl^nodilmin^ Cob .It. '/hen Co-Ox BT w s ! llOwOd to 
b>-;orb oxygen freely from . ir it wes found to gt in more than 
theoretical weight* K check on the moisture content of such 
E mple which had been st-nding in air having a humidity of 
80-90 per cent proved that the compound h d absorbed 3.4 per 
c^nt water and 1.8 per cent oxygen. On exposure for 40 hours 
to air having a humidity of 27 per cent it absorbed 2.6 per 
cent water and 1.6 per cent oxygen. 

,-. sample of the compound th- t h-.d been \llowod to brorb 
vrter -..nd oxygen freely freu -ir w a he-ted in - ir .t 115°. 
< n. lysis shewed th t ft~r this tr.j tment for sever 1 hour? tho 
coanoiuid still cent inod l»08t 1 per cent wator but no oxygen. 

Be 
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However, ...11 of the weter w: s e.sily removed r.t 110° under 
a vacuum or in a stream of dry nitrogen grs. 

The compound which still cont.ined 1 per cent moistui\ 
continued to absorb the theoretic. 1 amount of oxygen when 
plcoed under pressure in the oxygon bomb. Studies on the 
effect of moisture content on the rate of oxygon.-1ion e.ro 
still in progress. 

0.  2-Hydroxy-3-n-propoxybenz?ldchyde. 

The compound 2-hycroxy-3-n-propexyb<L.nzaldchyde is not 
described in the liter- ture but previous work with the mono- 
ethyl ether of pyroc. teohol rnd the Duff renotion indie ted 
th t this gener 1 method could be used to prep-re the homologs 
of £-hydroxy-3-ethoxybonznldchydc. 

(1) Synthesis from C techcl.  o-n-Propoxyphencl w s prepared 
from pyrooateohol in the seme w. y th* t .o-ethoxyphenol was 
prep red, but with slightly smaller yields.  (See Section VI., 
P. rt N, subsection (1), article (a)). 

The ^-n-propoxy phenol w. s converted tz  £-hydroxy-3-n- 
propoxybenz ldehydo by the Duff ro cticn. In this process 
the ste.m distill tion w s found to be impractic 1 so the 
fin.l reaction mixture w.s diluted with w ter end extracted 
well with ether. The compound w. s obt ined by distillation 
from this ether extract in 15 per oent yields. 

2-Hydroxy-3-n-propoxybenz-.>ldohyde ri found to be •■ 
liquid at room temper-, tures nd to h..v<~ . boiling point of 
135°/12 nm. The density was found to be 1.116 • t 25«. The 
refr ctivo index w.s found to be 1.546 ;.t 25°. The phonylhy- 
drazeno w s yellow, . nd melted at 109-110°. 

(2) C.-ndonsat ion with Bthylcnedi .mine. 2-Hydroxy-3-n-propoxy- 
benz ldehydo w s condensed with othylenodi. mine in n alcohol 
mediuti by the usu 1 procedure. A bright yellow, cryst llinc 
materi.l was obtained, which w.s recryst llized from alcohol. 
M.p.: 93-94°; yield: quantitative. 

(3) Di-(2-hydroxy-3-n-oropoxybenzc,l)ethylenedllmlnc Cob- It. 
Di-(ü-hydroxy-3-n-prapoxybenzr.l)ethylenodiimino cobelt ws 
prepared from the" Schiff* s b- so by the ucu 1 Ik li method 
using «bout 30 per cent lcohol.  The precipitate w- s brown 
nd upen drying under a vacuum . t 110c it c rried 3.5 per cent, 
corresponding to the theoretical amount of oxygen. The deoxygen- 
ction temperature w.s found to be about 95°. 

The compound w s found to be very hygroscopic. It bee me 
t?tici:y on exposure to eir. This unfortunrte ctrr-cteristic 
*rt;/fered ere tly in th, studies m-de en the m tor id. 
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(4)     ft..to  of Oxygen .tion ~f Pi-(2-hydrexy-3-n-propcxybenz 1)- 
ithyL-nedilmine Cobr.lt.    An attempt wcia m de to determine the 
r. to  ^f oxygen tion of di-(2-hydrcxy-3-n-prcpoxybtnzcl)cthyl- 
enediimino  cobr.lt  in    ir ;.t    tmospheric~"pros&urc by the gravi- 
metric method  (Section X, P rt C,  subsection (1)).    The com- 
pound packed in the tube  ..nd    ir could net be dr-v;n through 
it rapidly enough.     The compound w.s then pelleted,  but several 
tri.ls :.t 20° failed to give consistent results. 

The r to of oxygen, tion w s    Is: determined in pure oxygen 
using the different! 1 mc.nomotric    pprr:tus,   . nd fcund tc be 
the greatest  of    ny compound hitherto studied.     It rer.ched 90 
per cent  s. turntion in t\:c minutes in pure cxygen*    See Section 
X, P'.rt C for these results. 

Pl;lRl5,T,U,V,'r.  Vrrious 2-Hydroxy-3-.lkexybenzal- 
dehydes. 

The  following 2-hy.drcxy-3-c.lkexybenz:..ldehydes    re  in 
varieus stages  ~f prepc.rc.tien:  2-hydr oxy-3-lso-prüPoxybenz-.l- 
dehyde,  2-hydrexy-3-n-but oxybenz-.ldehydc,   2-hydroxy-3-seo- 
butoxybenz. Idehyde7 2-hydrcxy-3-tert-butcxybenzcldehyde,   2-hy- 
dr oxy-3-is^-butex: benz..ldchyde,   2-hydroxy-3-n-;nyloxybenz'lde- 
hyde,  2-hydrcxy-3-.. llyloxybv.nzcldehyde,    nd "2-hydr oxy-3-B- 
eth^xyethexyb^nz.'.ldchyde.     The work en these cempeunds h s not 
progressed far enough to v/r.rr..nt detailed consideration at 
this tim^. 

X.  2,4-Dihydroxybcnzv.ldehyde 

T.   2-Hydroxy-4-mothexybcnz ldchyde 

Z. 2,5-Dihydroxybenzrldohyde 

The : bovo   .ldehydes    re  in v rious stagie  of prep*ration. 
The v/ork en these compounds his not progressed frr enough r.t 
thic  time to v/arr-.nt a more detailed discussion of the v/ork. 
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AA. 2-Hydroxy-5-methoxybenzaldehyde 

2-Hydroxy-5-niethoxybenzaldehyde v s prepared by the 
Duff reaction on p_-methoxyphenel. This phenol wee synthesized 
by two methods, one involving the c.otion of methyl iodide 
:n<~ the other dimethyl sulfate on hydroquinone in an lkr.line 
solution. The yields by both methods were 40 per cent. 

The Duff reaction on the jwnethvxyphenol WJ.S crrried out 
in sever..1 smc.ll batches. The - ldehyde Stem distilled s 
i. yellow oil: Ei.p.: 4°. Yield: 16-18 per cent. The phenyl- 
hydrazene of this eldehyde was prepared nd recrystc.llized from 
lcchol .nd from ligroin: n.p.& 139.5°. The Schiffs bs-.se 
of this aldehyde and othylenediamine was prep ..red.by condensa- 
tion in absolute alcohol . nd w;.s obtained cs  crystallinea 
yellow m tor 1:1, m.p.: 163c. Thtsc two derivatives of this 
aldehyde have net been reported in the literature. 

The cobalt derivative of the Schiffs b se w s prepared 
by three different methods. In c ch o: se . red-brown com- 
pound W..S obtained. This m tori 1 was heated in a vacuum at 
various temperatures and then tested for oxygen»absorption 
by exposure to oxygen at 175 psig. None of the preparations 
carried oxygen. Details of this work may be found in Report 
XLVII. 

AB* 2-Hydroxy-5-ethoxybenzaldehyde 

2-Hydroxy-5-ethoxybenzaldehyde wrs prepared from j>-ethoxy- 
phenol by the Duff reaction. The p-ethoxyphenol used was pre- 
pared by the action of ethyl iodide on hydroquinone in alka- 
line solution i-nd also by the action of diethyl sulfate on 
hydroquinone in alkaline solution. Yields of about 35 per cent 
were obtained in these ethylations. 

The Duff reaction proceeded in the normal manner end yields 
of 16-18 per cent were obtained.  2-Hydroxy-5-ethoxybenzalde- 
hyde was obtained as a light yellow crystalline material; m.p.: 
48-49°, reported by Hentzsch lJ.prakt. Chem.. (2 K 22, 464): 51.5°, 

The aldehyde wes condensed with ethylenediamine in abso- 
lute alcohol, yielding a bright yellow compound; m.p.:/l50-152°. 
The cobalt derivative of this condensation product was prepared 
by three methods. A red-brown product WLS obtained in each 
case; the preparations did not c^rry oxygen cither after hav- 
ing been dried at 100° or heated at higher temperatures. This 
work is described in detail in Report XLVE: 

AC. 2-Hydroxy-3-aminobenzaldchyde 

Several prep&rtions of 2-hydroxy-3-aminob^nzeldehyde were 
made by the reduction of 2-hydroxy»3-nltrobenzaldehyde (3-nitro- 
selioylaldehyde) with stannous chloride in concentrated 



- 42 - 

hydrochloric acid solution. The 2»hydroxy-3-aminobenzaldehyde 
was first isolated as the hydrochloride of its tin salt and 
was then converted to the amine hydrochloride by hydrolysis« 
All attempts to condense this material with ethylenediamine 
failed«  2»Hydroxy-3-aminobenzaldehyde apparently reacted with 
itself as rapidly as with ethylenediamine when the hydrochloride 
was neutralized« Some evidence of the formation of the Schiffs 
base with ethylenediamine was obtained but none of the materiel 
could be isolated« This work Is described in detail in Report 
XLI. 

AD«  2-Hydroxy-3-bromobcnzaldehyde 

A small amount of 2-hydroxy-3-bromobenzaldohyde was 
obtained by the Gattermann decomposition of the diazonium 
salt resulting from the troatment of 2-hydroxy-3-aminobenzal- 
dehyde hydrochloride with sodium nitrite in cold, acid solu- 
tion« The aldehyde was recrystallized from weter; m.p.:49.5« 
50°, reported by Muller (Per.,42, 3700): 49«. The Schiffs 
bt.se of the aldehyde and ethylenediamine was prepared in the 
usu.il manner and converted to the cobalt salt by three methoff. 
The products ranged in color from derk yellow to deep red- 
brown.  On high temperature drying they did net chenge color. 
They did not carry oxygen.  Details of this werk are given in 
Report XLI. 

üE. Acetylacetone 

KF. Benzoylaoetone 

Quantities of aoetylacetone end bunzoylacetone iuve been 
made ~nd condensed with ethylenediamine by methods previously 
described in the literature. Preliminary investigations of 
the properties of the oobalt compounds of these two Schiff*s 
bc.ses arc being serried out.  The work has not progressed 
far enough as yet to warrant B detiiled discussion. 

AG. Dibenzoylmethane 

Dibenzoylmethane was prepared from benzalaoetophenone 
dibromide and sodium methylate according to the directions 
given in Organic Syntheses. Collective Volume I, 2nd Ed«, 
p. 205.  The benzalacetophenone dibromide was prepared by 
brominating benzalacetophenone. The benzr.laoctophen no w. s 
prepared from acetophencne «nd benzaldehyde by the m^thed 
desoribed in Organic Syntheses. Collective Volume I, 2nd Ed«, 
p. 48. 

..n unsuccessful attempt was mt.de te condense dibenzoyl- 
methme with ethylenedir.mine in hot absolute alcohol.  In other 
attempts to effect the condensation, alcohol solutions of the 
two reagents were refluxed for v.rying periods of time; no 
cendens.tion was effected.  Even refluxing in 96 per cent 
uthyUrcdiamine followed by neutr lization vv s of no rv.il. 
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In other ottempts, b: rium oxide -"nd ; nhydrous oaloium sulfote 
were rdded to an alcohol solution of the re: ctants ■ nd the 
mixture refluxedj cv^n these dehydr: ting gents f -iled to 
effect the condensation. A sm .11 yield of yellow needles 
was obt- ined which failed to dissolve in sodium hydroxide, 
nd :n lyois showed no nitrogen to be present; therefore, the 
desired condensation product was not obt-. ined. 

«H. Formylcamphor. 

The compound formylcamphor contains a keto group adjacent 
tw an aldehyde group, end has been shown to enolize yielding 
an acid hydroxyl group which will form metal salts.  In the 
enol form this structure is similar to that found in the aro- 
matic o-hydroxytddehydes. This compcund was synthesized and 
the cobalt derivative of its Schifft base with ethylenedia- 
mine wss prepared. The first step in the synthesis involved 
the preparation of lso-amvlformate by the esterificati.n :f 
ise-amylj.^lcehol and formic acid using dry hydrogen chloride 
as a catalyst.  In the second step, formylcamphor was obtain- 
ed by the reaction of iso-anylformate end camphor in the 
presence of metallic sodium using dry ether as a solvtnt. The 
details it  ths work with f^rmylcauphor will be f.und in 
Report XLV, Section V. 

(1) Condensation with Fthylenedlomine and the Cobalt Derivative. 
The Gohiff's base of formy1camphor v;ith SThylenedlamlne was 
prepared using a hot methyl alcohol solution of th-_ two compound* 
This condensation pr duct was a light yellow crystalline materi- 
al, m.p.: 215°. The cobalt derivative was prepared by the 
uoual alcohol method and an orchid colored, crystalline materi- 
al was obtained, which melted with decomposition at 190-200°. 
This compound showed no oxygen activity when activated by the 
usual methods. 

(2) Condensation with c-phenylonedlqmlne and the Cobalt Deriv- 
ative. The formylcamphor was condensed with c-phenylenedla- 
mine by adding i hot alcohol solution of the diamine to a hot 
ulcch..l solution cf th-: formylcamphor. A yellow Schiffs base 
wr s obtained which w^s reorystallizcd from 50 per cent alcohel, 
m.p.: 1L5°. The oobalt compound was prepared using the alcohol 
method and was cbtcincd as u dark brown compound. Thia material 
did not absorb oxygen following activation by heating in a vac- 
uum at several temperatures up to 170°. 

AI« o_-Aminebonzaldehyde 

It was decided that a possible substitute for salicylal- 
dehydo in the propero-ti^r . f oxygen carriers might be c-amino- 
b;nzaldehydo.  PfeiffoP (J.prakt. Chem. (2) 149, 217, T1937)) 
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r^p-rtcd that o-umin^benzaldchydc yielded r Schiffs base 
with jthylcriv;dT'..minci and that t. o latter g; ve oepper and nickel 
derivatives Bimll&r t;. the corresponding compounds from sal- 
icyl-.ldchyde. o-.,.minobenz aldehyde is net on the market und 
o socrohef the literature revealed that the enly praotioal lab- 
oratory meth. d of preparation is that of Thiele and './inter 
(Ann., 311. 356 (1900)), involving the oxidation of 0,-nitro* .; .. 
toluene to 0,-nitrobonztldohyde end the reduction of the letter 
to o--_.ninobrnzcldehyde by ferrous eulfcte in o sodium oarbonate 
solution« 

Considerable difficulty was encountered in carrying out 
the oxidation of cjnitrotolucne, e reaction curried out in :cctic 
•_cid with chromic oxide. The o-nltrobenzaldehydedi..cetate was 
app?.r^ntly hydrolyzod and further oxidized. It was found th: t 
by uoing redistilled ...cctic anhydride :.nd no acetic aoid in the 
preparation the oxidation could be carried out quite satisfact- 
orily.  Only obout 0.5 g. of the diacct- to has been prepared 
nd „s yet no attempt has been made to hydrolyze nd reduce 
this material« This work is being continued. 

VII Compounds of Structure Different 

From the Parent Compound. 

D.    Hexa-ollylamine peroxodihydroxodioob-It Trichloride 

The field  -f the polynucle: r cobalt compounds,   extensively 
worked by Werner o rly in the present century,  offers m in- 
triguing region f-r stu^.y in the  effort to discover oxygen 
carrying chemicols    nd to expl-.in the moch-.nlsm of the oxygen- 
c.rrying process of the carriers nov; kn*wn.    Unfortunately the 
literature-  of this field is b: dly clouded with incorrect rnd 
uncorrolotvjd work and ■   great effort will be required to str loht- 
en end organize the  jumbled mess of material«    Preliminary 
skirmishes into the field,  both ;.t California    nd rt low: St~te 
College,  notably in the preparation and testing of Vortmann's 
sulfrte,   di:. not immedi tely yield recults  of promise. 

r.bout the  only werk during thu  last twenty five ye-rs on 
the p.lynucler compcunds  is th t of Bucknll -nd "ardlew (£. 
Chen.  Sec.,   1928.   2648)     nd  of Fo-rciv 1 and "fardlaw  IJ,  Chem. 
S.._o.,   1929,   1317) wh    prepirod compounds cent- ining   . llylamine, 
propyl mine    n.. benzylamlno.    These compounds cent» ined peroxo 
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bridges en . : lth-ugh nc suggestion w:.s nude th t the oxygen 
in tiu compounds night be carried reversibly they c.ppeared 
worth investig. ting. The - llylamine compound, 

3C,H,NH, 
0 — 

Co- OH 
\ OH 

-bo 3C .H,NH„  j 01, 

Hex......llyijainepercxc .ihydroxo.'.icobelt trichloride 
ppe red to be the best ch rr.otarlzed ef the compounds describ- 

ed n- wc s eooordlngly prep.rcd ..n*.. investig: ted. 

The synthesis w:s c rried out without .ifficulty follow- 
ing tii-. directi.ns of Buckn 11 jnC  V/crdl v.-. Repeated attempts 
were made to deoxygenate the material at various temperatures 
and in a vacuum, but the peroxo group could not be expelled. 
Heating fit higher temperatures ctused slow decomposition of 
the material with the evolution of al^ltimine. Although the 
intermediate bivalent cobalt compound formed during the pre- 
par. tion of this materiel does not contain a peroxo group and 
is capable of absorbing oxygen, it did not appear to be worthy 
of study in view of the statement by Bucknall and "Jardlaw 
that it is very unstable. 

Although theae results were not very encour-ging, 
similar work should be repeated using triamines suoh as di- 
ethylenetriamine and 1,2,3-triaminopropane in place of allyla- 
mine. 

Xa. Testing Apparatus 

A,. Apparatus for the Determination of 
Oxygen Capacity. 

rt differential manometric device to determine the oxygen- 
carrying capacity of compounds *..t verioua pressures end tem- 
peratures was constructed. This apparatus, shown in the accom- 
panying diagram, consists of L row of 4 horizontal chambers 
suitably interconnected.  Tlu central chambers B and C ere of 
equal volume of about 700 ml., the outer ch mbers, A and D, 
ure of equal volume of about 75 ml. Chamber .-, is fitted with 
a screw c.:p which may be removed so that t sample of material 
to be tested may b^ placed in a clumber on a aiitable boat. 
Chambers A and D are interconnected through v. lvos 5 and 6 and 
m.y be evacuated through the pipe between valves 5 :-nd 6. 
Ch mb>-rs B _nd C are interconnected through v. lves 1 and 2 and 
my be charged with oxygen under pressure, the oxygen pressure 
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being measured by a gauge on the oxygen line 6. The pressure 
in ohambers B and C may be brought to the same pressure snd 
ohambers B and C then closed off from eaoh other« The large 
ohambers are also oonneoted to the adjacent outer chambers 
through valves which may be opened to permit the oxygen to 
expand from the large chamber into the adjacent, small chamber« 
Thet is | the oxygen in B may be expanded through valve 3 into; 
A, and the oxygen in C expanded through valve 4 into D. A 
differential manometer is connected between B and C. As the 
material contained in A absorbs oxygen, the pressure of the 
gas in A plus B falls below that in C plus D» and the pressure 
difference is recorded on the manometer, »8 will be seen from 
the mathematical development given below the actual pressure 
within the apparatus is not involved in the determination of the 
capacity of a material being tested« 

The ohambers of this apparatus are constructed of hexagonal, 
brass bushing of suitable size« The chambers ere oonneoted by 
means of 0.25 in. oopper tubing. The valves wire especially 
oonstruoted of brass with stainless steel needles. The glass 
manometer was sealed to the oopper tubing by a fused copper- 
glass seal« The screw cap of r. chamber has a hexagonal hoad and 
is threaded about 20 threads to the inch. The collrr which 
actually closes chamber A is backed up by a thrust ball bearing 
such that the oolli r does not turn when the sorew cap is tight* 
ened. The entire apparatus is suspended rigidly from the wall« 
>-. well insulated box serving as a constant temperature bath, 
is mounted on a hydraulic jack such that it may be raised up 
about the apparatus. The box is equipped with a 0.25 H.P. 
refrigeration unit and has copper tubing wound around the in- 
side walls« it,n  alcohol-water mixture is placed in the box so 
that the apparatus oan be operated at temperatures as low as 
-30». 

The sequence of manipulations in the operetion of this 
instrument is as follows« A weighed sample of deoxygeneted 
material contained on e boat is placed in chamber .-. end the 
sealing collar, gasket, and screw cap put in place and tightened« 
The entire apparatus is immersed in a bath and sufficient time 
allowed for the apparatus to assume the temperature of the 
bath.  Valves 3 and 4 are closed.  Valves 5 and 6 ere opened, 
clumbers A  and D are evacuated tnd then vclves 5 and 6 are 
oloswd. Valves 1 and 2 are opened, chambers D rnd C charged 
with oxygen to a pressure somewhat higher than the fin .1 pressure 
at union the capacity is to be determined, and valves 1 and 
2 are then closed« Valves 3 and 4 ire then opened simultaneous- 
ly ;nd oerofully to avoid cny pressure differential whioh might 
force the mercury of the differenti.l manometer into chambers 
B or C« Sufficient time is -..Hewed for the compound to be 
completely saturated with oxygen and the difference in the 
level of the moroury in the manometer is read. From this 
pressure difference, the weight of the sample, end the pressure 
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difference of t  blank deteriain:tion,   the  capacity of the meter« 
ial  if calculated using the following formula: 

Per Cent Oxyg.n »taerbo« - MS?)  ™     jfcP£-aPb)   (V,„+B-    gfc) 

where 

APs 
APb 

d 
R 
T 

weight  of sample 
pressure  difference observed 
pressure difference observed during blank run 
combined volume of clumbers A end B 
density of sample  (taken r-s 1.5 for those compounds) 
the G s Cons tent 
the absolute Temperature. 

The formul. m s developed :s follows, using the further 
definitions. 

v. » VE» *G»  VJ * volumes of chambers .., B, C, end Ü re- 
spectively. 

C*D 

>B 

n«» nB» nC» nD 

n . * nB 

» combined volume of ch rabcre C nd L 

■ pressure in chrmbers .  nd B vhen inter- 
connected (vlvc 3 open) 

■ pressure in ch mb. re C end D when inter- 
connected (valv-~ 4 open) 

- numb-r of molr„s of oxygen in . ,^,0, r nd 
D resp.otiv-ly. 

■ number .^f moles of oxygen in .- plus B 
'•»hen int rconnccted. 

nc ♦ nD nurib r of males  of oxygen in C plus D 
when int- rconnected 

t the beginning valswe 3    nd 4 : re cloted,  1    nd 2 open    nd 
B    nd  C ch.rgtd  . ith oxygen,     nd,   v-lves 5 'nd 6  open ■ nd t. 
nd D ctaOtti.tedg    V. lves 1,  2,  5,  -nd 6   .re then clored > nd tho 

fellewing conditions prev  il: 

P V - n RT 

p      («1 ram.   or  less) 

c       (5 psig up to ü5C psig) 

: nd      simil.r equ tior. for 3,C,   and D 
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In a blank determination no compound is placed in A and the 
expansion is carried out«    If the construction were perfect 
V.+ VB would equal Vc + 7-. and *».,* ■ *c«-D.    since this is not 

actually the case, a slight pressure difference AP^ is obtained« 

Applying the gas laws: 

<8> WVC + V 
Substracting (2) from (1) 

(3)APfc-    PA*b-Pb*D 

(nA * H) RT 

(nc ♦ x^) RT 

(1) 
(nA ♦ nB) RT 

\*VB 

(nc + n^) HT 

C        D 

When an oxygen absorbing material is present, let 

na    »    moles of oxygen  absorbed by compound 

*P. observed Dressure difference 

then 

<4>    W\ + V     "     (*A*nB-VRT 

(5)   Wvc + V   ■   (nc*V*T 

and 
(n.-nu-n.,) RT 

W   *>*    '    *A*B " PC+D *        VAWB          • 
(nc ♦nB) RT 

(7) A.*      -    (nA * nB> *T   ..  tnC * nD^ RT    - n3     RT 

\ + VB                    VC + VD *A**B 

introducing equation (3) 
n    RT 

(ft)    A?n     -    APn     *     *8   ■-. 
VA      VB 

Owing to the variation of the diameter of the copper tubing 
the volume of chanber B is not exactly equal to the volume of 
chamber C and the volume of A not eoual exactly to the volume 
of chamber D.    Fortunately, this difference can be corrected 
without much difficulty as indicated in the above mathematical 
development. 
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*s will be seen from the above mathematical analysis, 
it is necessary that the oombined volume of chambers A and B 
must be known. This volume was determined by two different 
methods.  In one method the volume of chambers A pluc B was 
determined by expanding air from chambers /, plus B into a flask 
of known volume, and measuring the change in the pressure of 
the system by means of the manometer. The flask wes attached 
to the evacuation tube (between valves 5 &nd 6)» Valves 1, 
4 and 6 were closed and valves 2, 3 and 5 were opened. Thus, 
chambers A and B were connected to each other, to the flask 
of known volume, and to the manometer. The second arm of the 
manometer remained open to the atmosphere by way of chamber C, 
valve 2, c.nd the oxygen line. The volume of the connecting 
tube between Vclve 5 and the flask was determined independent- 
ly by a similar method and its volume subtreeted in the deter- 
mination of the volume of A plus B as just described. The 
volume of the flask itself was determined by weighing it full 
of water. The volume of clumbers A plus B WSF found to be 
779, 781, and 781 by 3 determinations. These values may be 
slightly in error because of the change in the volume of 
ohambers A plus B as the position of the mercury in the mano- 
meter changes; this error has been determined to be less than 
8 ml., and thus so small that it maybe neglected. 

Thu volume of clumbers rt plus B was determined also by 
calibration of the apparatus agsinst a sample of the parent, 
oxygen-carrying compound whose oapacity had been very carefully 
determined by measuring the increase in weight on standing 
in pure, dry oxygen at atmospheric pressure (in this oase 
saturation should not be mt.de with high pressure oxygen because 
it v.'b8 found that after complete saturation, the compound is 
still ocpable of absorbing a few tenths per cent of oxygen more, 
possibly by absorption)» The results by this oheok the rosults 
of the first method within 2 ml. 

This apparatus has made possible the determination of the 
oxygen-carrying capacity of the compounds studied at a variety 
of temperatures and pressures« ",'ith some compounds these 
determinations can not be made in the usual manner inasmuch ss 
the oompounds frequently, lose their oxygen spontaneously on 
being removed from an atmosphere of oxygen and ot»n not therefore 
be weighed sufficiently rapidly to prevent error. Also some 
oompounds arc hygroscopic in nature end cannot be exposed for 
weighing. 

This apparatus was also used for the determination of 
the rate of oxygenr.tion in oxygen of certain compounds« See 
Part C below« 
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Ba« Apparatus for the Determination of 
the Rate of Deterioration. 

Design and Construction of Rotating Drum Machine. 

The primary objective of constructing this type of appara- 
tus for the determination of the rate of deterioration of 
oxygen-oarrying compounds was to minimize the temperature to 
which the material was heated during the deoxygenation step« 
In the stationary bed type of apparatus, deterioration may be 
aooelerated by the fact that the material in immediate contact 
with walls of the heating jacket is necessarily heated to a 
higher temperature than it need be and thus remains in contact 
with oxygen at elevated temperatures longer than necesscry. 
In the rotating drum machine, on the other hand, the mass of 
material is constantly mixed and is heated only to the tempera- 
ture necessary to effect deoxygenation. 

The apparatus designed for these tests is shown in the 
accompanying drawing. The apparatus consists of a drum (1) 
of -..bout 0.8 cu. ft. capacity, which rotates within a jacket 
through which both steam (2) and water (3) may be passed. 
.-.ir is passed into the drum containing the compound through 
a hollow shaft (4), the air entering the shaft through packing 
glands (5). The exit air pastes through a filter (6) about 
5 in. in diameter end then passes out through another hollow 
shaft (7) fitted with packing glands (8). The passage of the 
air through the drum and of the water and steam through the 
jaoket is controlled by solenoid valves (9)-(16). The action 
of the valves is controlled by a oara with sliding electric 
contacts. 

The air entering the machine passes through a trap (17) 
containing broken stone' which is carried along mechanically 
in the air stream. The air then passes through a tower of 
walnut sizo potassium hydroxide and finally through a tower 
of magnesium perohlorate. 

The exit air assembly consists of the hollow shaft (7), 
paoking gland (8), pressure gauge (19) and throe electrio 
valves which control the outflow of air (bleed), vacuum (to 
exhaust the residual air before deoxygenation) and oxygen de- 
livery. 

The heating and oooling jacket is connected at the top 
to tho steam line, at the bottom to the water line. These four 
outlets arc equipped with ..leotric valves. Both the steam 
and the water lines have manually operated throttle valves 
in addition to the solenoid valves. 

The drive for the rotating drum and the oam consists of 
a 0.5 H.P. electric motor connected to the shaft on the rotat- 
ing drum by means of a series of sprockets end roller chain, 
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in such a manner that the drum turns with the speed of approx- 
im&t.-..ly 8 r.p.m.    The timing cam is driven from the  other end 
of thv- shaft by further sprocket?,  roller chain,  end reduction 
gear}   it turns    at the rate  of about  one  revolution every nine- 
teen minutes. 

The accompanying diagram ehovs the machine in its first 
form.    The driv~ and Rear reduction mechanism of this neohine 
has been modified,  but the essential feetures of  the machine 
ere  the same» 

The  Sequence  in the  operation of this Machine   is given 
in the following description which can best be followed by 
lie ans  of the accompanying timing diagram. 
1. The overflow valve on t e hoeting and cooling Jacket opens, 

connecting  jacket to dr:: in. 
2. The Wctwr valv« opens allowing water  to pass  into the 

hoc tine ana oooling Jacket and to overflow into the  drain. 
o.    The bleed v.. lve  on the exit air line  opens.     This valve 

is equipped with a hand operat-e Ve lve  so  that the  flow of 
thu air through the coupound c..n b-.  controlled. 

4. The air vt lvv.  opens. 
5. Th-ü-  v; lv.'-s renk in open for approximately 10 minutes, 

daring vhioh tim_ the material oxygenates. 
6. The air and water velves close.     The air  in the  dram escapes 

through the bleed valv ena is reduced to atmospheric 
pressure. 

7. The  drain valve at the bottom of the   jacket open." end 
overflov valve  closes.     The  jacket  is equipped with a check 
v.lve which allows  the entrance   of air permitting the water 
to drain from the  jacket. 

8. The bleed valve closes and the vacuum valve opens allowing 
the air in the drum to exhaust in the vacuum tank. 

9. The  steam valve then opens ^ne  the vacuum valve   closes. 
1C.  K^out  ore minute  liter,  tfter the pressure   in the  t«nk has 

risen to noerly at^osph.rio because  of the liberation of 
oxygen,  the  oxygen valvu  opens end oxygen is delivered. 

11. After about seven minute  the  steam,  dr» in &nd oxygen valves 
close ?no  the cycle  is completed. 

The  cycle as the i^chinc h>. s been  operated,   is approximate- 
ly 19 minutes  in length.     The  operation  i& entirely automatic. 
It  is  onl^   nocessarj   to blow off the   accumu.'Uted water  in the 
lech.niCtl w&tor remover daily and  to blov.   off the potassium 

hydroxide  solution from the a ustic drior ovary tfrr.e deys. 
Occasionally it is necessery to stop the operation of the machine, 
jonnect e  nitrogen tank to thi   bleed velve,   open the bleed valve, 
^nu blr.st nitrogen into the drum to remove the  povder occunu- 
li ted  on the filter. 

Two stuaics of the ret.    of deterioration of the parent 
oxygen-carrying oompound and one  of th«-  3-methoxy compound were 
made  utine this apparatus«    The tests.- or  the parent compound 
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did not yield all of the data which was latf»r desired concern- 
ing tte rctc of deterioration hut did indicate some precautions 
which should be observed in the orerntion of machines usinc 
ttis material« 

The first study indicated very ranid initial deterioration; 
this was undoubtedly due to the excessive rate of air flow used, 
about 1 cu, ft, per minute, about a 600 per cent excess. At 
300 cycles, the air flow was reduced to 0.3 cu. ft. per minute, 
an excess of about 100 per cent; the rate of deterioration was 
considerably le3S after this change. The air used in this 
study was dried over anhydrous calcium chloride and was 
used at 70 psig. The temoerature of the cooling water was 
15eC. 

Tn the second study the air was dried over magnesium 
perohlorate, the other factors being left unchanged, an excess 
of 100 per cent of air being U3ed. There was no significant 
change in the rate of deterioration as a result of this change. 

Unfortunately not all of the factors involved in the de- 
terioration were appreciated when these studies were begun and 
the lack of data and the changes in conditions during the runs 
vitiate the significance. The conditions were better standard- 
ized in the study made on the 3-methoxy compound, ^his work 
will be found on p. 25 of this report. 

C. Apparatus for the Determination of the 
Rate of Oxy^eration 

Touring the course of the develooment of this work, various 
methods have been used for determining the rate of oxypenatlon 
of the compounds under study. Preliminary data of the r«to of 
oxygenation of ne-w comooun«,s is easily obtained by following 
the gain in weight of the comoound on exposure to air on a 
watch glass on the balance pan. '.»/hen the rate in dry air, 
in air at higher pressure, or in oxygen is desired a more elabor- 
ate method is required, 7o^ measurements of the rate of oxygen 
at pressure from 150 to 1500 mm. and temperatures from -20° 
to 100° the apparatus described by Hadh, Harrison and Mehl, 
Report III, is probably the best yet described. In this annara- 
tus the material wa3 placed in thin layers on fins which ouickly 
conducted a'.ay the hert of reaction, and the rates obtained 
are probably as nearly isothermal as have yet been roDorted, 
The general method of detsrmining the amount of oxygen absorb-d 
by direct volumetric measurement of the gas absorbed, connot 
be used with air since the latter must be circulated past th^ 
compound last the oxygojnation bo stopped by the accumulation 
of nitrogen around tho comoound. ^wo apparatus for deternininp 
the rate in air are deeerlbod below in (subsections (1) and (3)) 
The first involving tho measurement of the increase in weight 
of the material on oxygonation and the second the decrease in 
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pressure of a large volume of air in contact with a roletivoly 
small {mount of material. 

The method of determining the rate in oxygon described in 
subsection (2)   is essentially a very simplified modification 
of the earlier apparatus of Hach, Harrison and Diohl and has 
been used to obtain rougher measurements with oxygen contain- 
ing various amount of moisture.    The differential manometric 
device described ebove in Part .. for the met surer.ient of the 
oxygen-carrying capacity of the compounds hes been used for 
meesuring the rate  of oxygenation in pure oxygen.    Although 
the chambers of the apparatus arc  of brass and the boat carry- 
ing the  material of tin,   it  is not expected thr.t the heot  of 
oxygenation was carried sway very rapidly.    The rrt^s obtained 
ere  therefore not strictly isothermal.    They rre,  however,  re- 
producible and  indicr tive at  least  of th<s  variation of rate 
with pressure.    The rates of oxygenation of the prrent compound 
and of di-(3-chlorosalicylal)dinropylv>netriemine as determined 
in this manner are  shown ir. the eccomprnying diagrams.    The 
effect  of temperature on the 3-chloro compound and also the 
final degree of saturation is recdily apparent. 

(1)    Gravimetric Method.    This method of determining the rate 
of oxygenation of en oxygen carrying compound was carried out 
in the following manner:     .   weighed  sample  of the   compound to 
be tested was deoxygenated ir. a vec-.um at ICO®,  end ellowed 
to    cool in 0  vacuum desiccator.     The  sample was  transferred 
c.uentitatively to e  clean,  dry U-tube and the  ends woll packed 
with glass wool to prevent the loss of compound.     The sample 
was again deoxygenated by olecina, the tube   in a be?ker of hot 
Water Lnd passing dry nitrogen through it.     The  tube was wiped 
dry and allowed to ■tend in the be lance case to assume room 
temperature and then wcighdd using a similar U-tube as e  tc:re. 
The weighed tube was then  immersed  in a berker containing a 
liquid bath at the  temperature at which the rate  of oxygenation 
wrs desired and sufficient time allowed for the tube rnd contents 
to attain the temperature  of tha bath.    Their to of oxygenation 
wafl determined by pt ssin? a stream of dry :.ir through the tube 
for definite periods.    The stopcocks were then closed, the 
tube wiped dry,  brought to room temperature tad weighed.    The 
air was dried by pass- ge through c  tower filled with magnesium 
Dcrchlortte.      The most serious difficulty with this method is 
the  Inability to obtain an even cod rapid flow of ' ir through 
the  tube  since  the  oxygen-carrying compounds rre powders which 
rapidly plug the glrss wool pecking.     This difficulty wrs not 
encountered in the rate determin tions reported tor the- methoxy 
compound,   Section VI., P; rt B8,  subsection (8)   of this report 
since this material was more crystrlline  in character. 
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(2) Volumetric Method. The gravimetric method, described 
abate in subsection (1), for determining the rate of oxygenn- 
tlon of the compounds under study was rathor tedious to carry 
out end subjeot to certain disadvantages. The following volum- 
etric method for determining the Pete of oxygenation was also 
used although it could only be adapted to measuring the rcto 
of oxygenation in pure oxygon. The apparatus is pictured in 
the accompanying drawing. The U-tubo was filled with a woighed 
■ample of the compound. The sample was thon dooxygenatod rnd 
activated by immersing the U-tube in a bath maintained at 120°• 
±.t the srmo time a stream of dry nitrogen vas passed slowly 
through tho U-tube to sweep out the oxygen and water. As soon 
as the de oxygenation and activation was complete, in approxi- 
mately 15 minutes, the stop cocks onthc U-tubo were closed and 
the U-tube installed in the rate epparatus. Ample time wrs 
rllowed for the compound to come to tho tempereture cf the 
bath. Thon the U-tubo and tcin up to the oxygon tank was evacu- 
ated. The buret was filled with oxygen from the cylinder, 
*  salt solution was used as retaining liquid in tho buret so 
as to givo the oxyg-n contained in it the desired humidity, 
".."hen the evecuation was complete, the vrouum pump was stopped 
~nd the stop cook on tho U-tubo was closed. Then the stop cock 
on tho burot wcl turned in euch a manner ;:s to rdnit tho oxygen 
to tho U-tube.  The leveling bulb was so hrndlod that the pres- 
sure of the oxyßen rem:inod rs desired through the run, Buret 
re. dings wore taken at timed intervals rnd from the volume of 
oxygon absorbed and the weight of th^ scmplo, the weight per 
cent of oxygen absorbed was OLlculctod. 

(3) Mrnomotrlc Method.  Owing to the tediousness end packing 
troubles encountered in determining tho rate of oxygenation 
„f tho various compounds in air using the gravimetric method 
described above, ah apparctus was devised for mo- suring these 
rctos which would overcome these difficulties. This method 
involves the measurement of tho drop in pressuro cf rn enclosed 
volume of air to which a sample of the oxygen-carrying material 
is exposed. The apparatus is shown in tho rcoompanying plate. 
Tho apparatus consists of Q well insulated, double walled con- 
t: inor closed by a rubber stopper bearing a stop cock rnd tub- 
ing for connection to a mrnometor. The connections rrc made 
with flexible rubber tubing so that the centeiner mry be shaken. 
The manometer is f n op^n -.rm, inclinod, water manometer. Tho 
sample of the oompcund under invebtigation is woighed into a 
thin willed viel, the viel surrounded with a heavy lead collar, 
and the fiel placed carefully in the centsiner. Brine at the 
desired temo^ratur,. is ciraulatod thrcugh the jacket of the 
container. The double wallod container is then evacuated and 
air at the desired humidity is rdnitted. The stopper is thon 
olrcod on tho conti inor rnd the apporetus is allowed to stand 
for sovcr 1 minutos with the stop ojck open, in order that 
the vial end its contents nay come to the temperature of the 
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oontainor. The stopcock is then olosod and the apparatus 
Allowed to stand several minutes more. If the mr.nomctcr romeins 
stationary, temperature equality of the Jacket and contents may 
be assumed and the determination begun» Tho container is 
shaken vigorously to break tho vial. Clow shaking is then con- 
tinued in order to keep the sample in good contnet with the 
air in tho o~ntain-r. Prossure readings are taken on tho inclined 
water manometer at timed intervals. Since the pressure of tho 
rir within tho double walled container is affected by ohrnges 
in tempereturc cf the brine flowing thrcugh the jacket, it is 
nccosscry to determine the tempereturc chrnges of tho brine 
during a run and to make corresponding pressure corrections. 
One degree temperature change of the brine will cruse a 80 mm, 
change en  tho inclined wat^r manomct r if the letter is in- 
clined at 25*. The temperature of the brine was determined 
to the noarcst 0.05° by placing a thormometer graduated in tv.nth« 
of a degree in the discharge brine lino« 

The weight per cent of oxygen absorbed by the srmple is 
oeloulatod from the pressure ohange in the oontciner, the size 
of the sample, the volume of the container rnd the temperature 
ohange of the brine. 

The container is quite larfce (6.5 liter) and the sizo of 
the sample quite small (3 g.) so th-t the ohrnge in oxygen 
pressure due to absorption d  oxygen is small, since the 
pressure drop in this apparatus is only approximately 3 inohes 
in water, an inclined water manometer was used in order to 
seoure sufficiently large manometer readings« 

The apparatus was quite easy to operate and gave good 
results as evidenced by the faot that perfeot agreement was 
found with two rate ourves which were run on Co-Ox M by the 
weighing method« 
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XI* Circulating Solid Apparatus for the 
Manufacture of Oxygen« 

A4 Object and Advantages of Circulating Solid Apparatus 

Among the various types of anparatus which may he used 
for the recovery of oxygen from the atmosoh era by means of 
solid, oxygen-carrying nfiterials, the twpe of apparatus in 
whioh the solid, material circulates eontinously *rom the 
oxygenation portion of the apparatus to the d.eoxvpanation 
portion and back is particularly Intriguing« "Juch a 
circulating'' solid apoaratus was described by ?Tech ard ^iohl. 
»foDort Til, using the pcrent oxyen carrying compound, dlsal- 
icylalethylenedii"iire cohalt. The oxygenation of disalicvlal- 
athylenedlimino cobalt must be carried out with air at 
approximately l(# psi pressure in ordor that the oxvpena* 
tion bo effected in a reasonable length of time. The 
deoxygenation musti of course, be carried out at essentially 
atmospheric pressure in order to minimize the deterioration 
which might bo unduely accelerated at elevated temperatures; 
It is also necessary to include an evacuation step or a 
flushing process at atmospheric oressure to remove the resi- 
dual air loft in contact with the oxyganated material. Thus. 
it is necessary to transfer the material from a relatively 
high pressure to a low pressure and back. The aonaratus 
Just referred to utilized a rather complicated "locking 
deviee* to effect this transfer, and, although the dovlce work- 
ed, it was at this ooint that the circulating solid apoaratus 
gave the most difficulty. 

The discovery of di-(2-hydroxy-3-methoxybenzal)ethylene- 
diimine cobalt, hereinafter designated as Co-Ox ", the develop- 
ment of which is described in section ^Tp» Pfirt B2 of this 
report, a£ain directs attention to the circulating solid 
type of apparatus. The rate of oxygenation of Co-Ox V  is 
approximately twenty times thet of the parent compound. This 
froatly sii plifies the construction of a circulating solid 
typo of apparatus in that the locking device may be made 
much sircpl r. 

fundamentally, the circulating solid apoaratus has oertaln 
advantages over batch type apparatus in which the bed of 
material is stationary or is tumbled or mixed, ••'hero is no 
mass of metal (tank or heating and cooling fins) which must be 
alternately heated and coolod, and thus ttnre 5s a saving in 
the beat and cooling r^ouired and in the time that is  taken 
to heat ard cool the mass of metal. The stationary or mixing 
batch types of apparatus also reauire time for flushing or 
evacuating the residual air and as will be sesn in the aooaratus 
to be dosoribed, this flushing oan be aaaompliShid in the 
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circulating solid machines without appreciable loss of time« ■ 
The circulating solid apparatus affords a continuous delivery 
of oxygen and since the heating and cooling meohaniams oper- 
ates continuously, they oan be built smaller than in the appara- 
tus where they function only a portion of the time. 

The principal disadvantage of the oiroulating solid type 
of apparatus is the danger of explosion caused by sparks derived 
from contact of moving metal parts. In an atmosphere of oxygen, 
Co-Ox or Co-Ox M, can be caused to flash when ignited by a 
spark or red heat, and if enclosed such a flash can cause con- 
siderable damage.  In any circulating solid apparatus this 
hazard must be considered and any possibility of producing 
sparks in the apparatus eliminated. 

B. Description of the Apparatus. 

(1) Mode of Operation. The essential characteristics of the 
circulating solid apparatus to be described are, first, that 
the oxygenatlon and the deoxygenation of the oxygen-oarrying 
material are oarried out in separate ohambers, and second, that 
the deoxygenation is effeoted at a slightly higher pr38suro than 
the oxygenatlon. The Co-Ox M is first conveyed through the 
oxygenatlon chamber, where it is oooled and exposed to air, 
is than transferred to the deoxygenation chamber, vhere it is 
heated end where it releases its oxygen, and is then transferred 
back to the oxygenatlon ohamber. This le shown schematically 
In Fig« 1 of the accompanying drawings. 

The solid, oxygen-corryinf mntirlrl is mov»d by a system 
of 8or<w conveyors which transfer the material continously 
around the svstem. Thf apparatus was designed to contain 
about 75 pounds of Co-Ox M, to circulate this material onoe overv 
15 minutes, and to generate a continous flow of about 100 ou ft. 
per hour of oxygen of 95 per cent purity. 

An important pert of this apparatus is the method >>y which 
the solid material is transferred from the oxygenatlon chamber 
to the deoxyfonation chamber and back again without seriously 
contaminating the oxygen produced. This is accomplishad by 
maintaining the connecting tubes completely full of th*T .solid, 
oxygen-carrying material and maintaining the pressure in tho 
deoxygenrtion chamber slightly above that in the oxvpon-.tion 
chamber. This causes a flow of oxvgon tnrouph r norous, more or 
less compaotod mass of the oxygon-carrying material which swoeps 
tho air from the mass. 
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As will be seon from the curves given earlier in this 
report for the rate of oxygenation of Co-Ox M the optimum 
temperature for oxygenation of this material is about 5*. Ti.is 
means that mechanioal refrigeration is reouired ■'or coolinff 
the oxygenation chamber. Tn order that the transferring de- 
vices mentioned work nroporly the deoxvgenation must be 
effected at a slightly higher pressure than the atmospheric 
ores«urr. at which the oxygenation is carried out; this 
ronuiros a temperature of about 75*.  Several schemes have 
boon used to effect this heating and cooling» 

(2) flanoral Construction. As shown in ^ig. 2 the oxygenation 
and deoxygenatlon chambers consist of two scr .w conveyors 
operating in pipes parallel to each other and inclined in 
opposito direction»  These pipes are 9 in» in diameter and 
approximately 8 ft, long. They are connected to each other 
at each ond (see Fig» 3) by pipes containing short screw 
conveyors. The flow of solid, oxygen-oarrying material is 
indicated in Fig. 2 by arrows, the material moving un the 
inclined slopes of the oxygenation and *ooxygv.nation chambers. 
The four screw conveyors are driven bv a suitable system of 
reducing, gears, sprockets, rinp gears and chains as s^own 
in detail in ^igs. 2, 3 and 7. ^he rate of revolution of 
the scrow convoyors may be varied from 4 to 100 r.p.m. 
Air enters the oxygenation chamber at its upper end, nasses 
down through the chamb -r counter to the flow of Co-Ox ?*, 
and passes out through the large air filter shown,  '"he exyrrm 
liberat^d in the deoxygenation chamb r passes through a large 
oxygen filter and out through the valve indicated. 

The sppcrntus was originally d.. signed to operate entirely 
on electric rover. Difficulty, however, was experianced in 
obtaining suitable electric h-?ctin£ wire, and during the interim 
in which the heating wire wes not cvailr.ble the apnar'tus 
wr.s changed to on>rction by e gasoline orcine from which, heat 
could be obtained to e^-fect the d->oxyr^nation.  Tho d^tpils 
of tho power drive in oech crse arc shown in """igs. 16 and 17. 
The gasoline englr^ U3ed was a 6 H.P. wriggs and Stratton 
(T'ilwnukoo) motor, equiDped with a oulley clutch, "»hen ooo^atod 
electrically a 0.5 H.V,  motor w^s used to drive the convev- 
ors. m) a oxygenation and deox^s^natlon chambers are nrcvided 
with means *v which they c^n be cooled end hoetad respectively. 
The intire apparatus is mounted on a wood deform and is 
suitably braced by ste.il supports. 

The details of the oxygenation ch>«rb :r are shown *n """ig. 
4.  Tha oxygenation pipe and the irck:,t surrounding it are 
construct id of 18 g?, sheet stol with a welded seam.  A brass 
beading is brrzod en the screw convevor ov<>r its ^rtire edge, 
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where it might possibly oome in oonteot with the steel pipe» 
Eight thermocouples, placed at intervals, are oarried on the 
conveyor; the leads project out the lower end of the hollow 
conveyor shaft, and may be connected to a potentiometer when 
the apparatus is stopped, *  narrow plate is welded between 
every other flight of the conveyor in such a manner as to 
assist in mixing the material as it moves along.  The jacket 
surrounding the oxygenetlon chamber is divided into two portions. 
The upper Jacket contains three sets of 0.5 in. oopper coils 
through which a refrigerant is passed. The jacket is surround- 
ed by a 2 in. layer of rook wool insulation. 

The deoxygenstion  chamber, shown in detail in Fig. 6, 
likewise consists of a steel pipe of 18 ga. sheet steel with 
welded seam* It is surrounded by a jacket through which steam 
or hot water may be passed. The conveyor oarrles three thermo- 
couples end mixing blades« This jaoket is also insulated. 

Direot contact of the conveyors with the pipe is avoided 
and to insure motion of the materiel a brush prepared by twist- 
ing looped binder twine in beling wire is attached to the outer 
edge of the conveyors over their entire length. 

The various components of the apparatus are joined together 
by means of numerous flanges so placed that the component parts 
of the apparatus can bo readily dismantled« 

Open arm manometers are placed at each end of the oxygena- 
tion und deoxygenation chaabcrs to indicate the pressure with- 
in the apparatus at various points. 

(a) .-iir Filters. To effect the oxygenation of 75 pounds 
of Co-Ox II during a 15 minute interval requires a quantity 
of air of about 15 ou. ft. per minute, allowing about 2.5 times 
the theoretical amount of air required. From previous exper- 
iences it was known thet a filter of very large area would 
be required to thoroughly remove the fine, dusty, oxygon-carry- 
ing material from the air stream. It was also knovn that the 
conductivity of the filter decreased es the filter became oaked 
with the material. Experiments, however, indloated that thore 
was a saturation point beyond which the conductivity of the 
filter no longer deoreesed with increase in the thickness of 
the oake on  the filter. The filter for the air stream was 
designed to have a filtering area of about 30 sp. ft«, a value 
which seemed large enough so that the required capaoity would 
bo maintained regardless of the amount of oake on the filter 
cloth. The filter on the oxygen stream was made smaller as it 
flooded a capacity of only 2 ou. ft. per minute. Details of 
these filters are shown in Figs. 9, 20, 11, 12, and 13. The 
filters ere mc.de of a very tightly woven cloth (ticking) support« 
od by a suitable arrangement of wire cloth and screen. 
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.10 stated before, it is essentif.1 for the operation of 
the apparatus that the pressure in the deoxygenetion chamber 
be slightly higher than thet in the oxygonetion chamber. This 
pressure difference controls the purity of the oxygen produced 
end the loss of oxygon through the cross augers. In order to 
maintain en absolutely constcnt pressure in the oxygenetion 
ohamber, oven though the conductivity of the residual gas dis- 
charge filter changes with time, the cir is exhausted from 
the residual gas filter instetd of being forcod into the 
oxygonation chamber by e blower. Thus, the pressure in the 
oxygenr.tion chamber is . lways at approximately atmospheric 
prossurc. Experience, however, later indicated that the ohange 
in pressure drop aoross the filter was insignificant and thet 
it is equally satisfactory to blow the air through the appera- 
tus» Thj pressure in the deoxygenetion ohamber is controlled 
by a throttle valve in the oxygen discharge line. 

(b) Heating end Cooling. ■ ...a stated before the rpparatus 
was initially designed to operate entirely oleotrioally, and 
it was proposod to heat the deoxygonation ohamber by electric 
heating wire (250 ft. No. 6 B. £• gau^e Chromel wire, operating 
on 220 volts, supported on setatitc fish-spine insulators) 
wound around the chamber. Because of the delay encountered in 
securing this wire, a jacket was placed around the deoxygenatlon 
ohamber so th^t steam could be passed through it» It rlso 
appeared possible to cirke the apparatus entirely sclf-oontained 
by operating the apparatus by a gasoline engine and it appear- 
ed possible Eilso to secure the required her t by utilizing the 
exhaust gases from the engine. A heat exchanger and water 
circulating pump were placed on the apparatus. It was found 
however that thero was not sufficient heat in the exhaust from 
the engine to heat the water required) about ten gallons, above 
60°C. It was felt that there was sufficient heat carried away 
by thu cooling i.ir passing over the head of the Briggs and 
Stretton engine to have been sufficient to supply all of the 
heet required. It might be possible, therefore, to secure ell 
of th. he;t necessary by using a water cooled engine and cir- 
culating the radiator water through a hect exchanger to secure 
further he_t from the exhaust gases ana to then oiroulate it 
through the Jacket about the de oxygenr.tion ohamber. 

Experiments with wheat flour indicated ttr.t vith steam 
passing through the jacket thero was sufficient hert transfor 
to elevate the temperature of the flour from 5° at the inlet 
end to 70° at the outlet end. 

In order that the Co-Ox M oxygenate in ts suffioiently0 
short period of time, its temperature must be reduced to 5 , 
the optimum tumporatur. of oxygonetion. This is lower than osn 
be obtained vith ordinary cooling water and therefore refrigera- 
tion beoomes necessary. It appeared more economic*1 at first, 
however, to use cooling wator to remove a large portion of the 
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h«-ct and to complete the cooling by refrigeration. The j«ckct 
surrounding the oxygonction ch.mber wrs therefore constructed 
in two sections. Through the lower section oooling water was 
pesscd. A total of 150 ft. of 0.5 in. coppor tubing, in 
throe equal sections ITS wound around the oxygenation pipe 
within the upper seotion of the jeeket. This copper tubing 
waa wound in thrue units so thr.t the refrigeration li, uid could 
be expanded in each. The jrckot wr.s filled with r 50-50 mixture 
of water cad alcohol. Experiments with wheat flour indicated 
thct flour entering the oxygenation oh: mbcr at 70 wci cooled 
during its pessago through the ohcjab-r to 'tout 5«> if the flour 
remained dry end moved freely ".long the tube. During the early 
experiments leaks frequently developed in the apparatus end 
the flour bec-mo wot rnd cor ted the chrmbe-r preventing adequate 
heit transfer. It is therefore essential that the apner-tus 
be operated dry. Thic must absolutely be the cane when Co-Ox II 
is used since it is rendered inactive by moisture. 

The refrig-r: tor used wrs a 0.75 H#P unit containing 
Freon-12 as the refrigerating liquid. The temper: turc of the 
alcohol mixture in the jacket wa  reduced to -ES*1 when tho 
apparatus wes stationary, and rose to -15° when the apparatus 
viL.B  in operation. 

(o) Transferring Devioc. The transfer of Oo-Ox II from 
the oxygcnation to the deoxyc-nation chtmbwr must, of course, 
be made with tho minimum c rry-over of rir. The temperatures 
prevailing in the oxygenetion and deoxjgenrtion chrmbers are 
such thrt deoxygonation ia effected at r slightly higher 
pressure than the oxygenation. .. strorm of oxygen, thereforo, 
alwrys flows out of the oxygenation oiirmber and use is made 
of this oxygen to flush away tho air oarried with the Co-Ox I! 
as it if transferred to the deoxygonation oh'.mbor and to prevent 
air from entering the deoxygenatlon chamber when the material 
is transferred from the door.ygonr tion chimb^r to the oxygena- 
tion chamber. Dot« ils of two models of these transferring de- 
vices or cross augers ar^ shown in Figs. 6 rnd 7. The first 
medel, shewn in ?ic 6, was not entirely satisfactory. It con- 
sisted of the horizont'l aug^r and an inolined tube as shown. 
n  leather flap wrs pl:.eed in the inolined tube to r^t:rd the 
flow of Co-0:: M. Thus the pipo was completely enclosed by the 
leather flap and the cake of solid materiel benerth the flip, 
A MM"11 rmount .f oxygen flowed from th«- dooyxgemtion chmber 
through the c.ko of solid material into the oxygen: tion chamber. 
The design shewn in Fig. 7 was v^ry satisfactory. Th- screw 
conveyor wrs made considerably shorter rnd the ruger pipe 
lengthened by the insertion of c sleeve,  * loath r flap, 
smaller th.n thrt in th^ first model, wrs placed abcut midway 
bwtween the end of the . uger and the discharge end cf the sleeve. 
A cylinder ef solid muteri-1 vrt passed bene. th the fir p and 
out the discharge end of the sleeve, from which it fell, into 
the oxygenetion or de oxygen:-1 ion ch-.mber, respectively. This 
device* was feund to be free of my tendency tc plug. 

. 
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The efficiency of this trrnsferrlng device was tested us- 
ing wheat flour to imitate Co-Ox M. ,. test was made to deter- 
mine the combined loss through the closed augers as a function 
of the difference in pressure between the oxygenation and de- 
oxygens t ion chambers. « gas holder was filled with oxygen 
end was connected to the deoxygenation chamber. The pressure 
in the system was regulated to a desired value, the conveyors 
were driven, moving the flour through the machine, and the 
losses were observed by the lowering of the calibrated gas 
holder. Successive runs were made with oxygen pressures from 
1.5-6 in. of water pressure. The results are given in Fig. 20. 
.. second test was made to determine the amount of air carried 
into the deoxygenation chamber with the flour as e function of 
the nressure differences between the deoxygenation and oxygena- 
tion chambers. .-. measured flow of oxygen was passed through 
the deoxygenation chamber while the machine was running, "/hen 
equilibrium conditions had been reached, a semple of the dis- 
charge oxygen was taken and analyzed. From the rate of flow 
and the composition of the discharge gas the amount of eir 
carried with the flour into the deoxygenation chamber was de- 
termined, k  series of runs were made with pressure differences 
betv;eon the deoxygenation and oxgenation chembers from 1.5-6 in. 
of water pressure.  The results are plotted in Fig, 21. 

assuming that the machine was producing 150 ou. ft. of 
oxygen per hour, estimates were made of the purity of the oxygen 
to be produced as a function of the difference in pressure be- 
tveon the oxygonation and deoxygenation chambers. 

Table 1« Oxygen Purity Estimates 
(Assuming 150 cu. ft./hr. production) 

Difference in 
Pressure 

Purity Loss through 
Cross   .ugcrs 

6 in.  water 

4 

2 

1 

99.4 per cent 10 per cent 

99.2 8 

99,0 4 

96.9 2 

.lthough the chsracteristioeof whaut flour are not exactly 
those of Co-Ox M it wis felt that these calculations were a 
reliable guide to the ->v,rfor..isnce of the apparatus.  ,s will 
be seen later this was justified. 

. 
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(d) air Drier. The air entering the apparatus passes 
through a tower of v;alnut size potassium hydroxide. The details 
of this drier are shown in Fig» 18 and 19. The tower consists 
of a steel drum 5 ft« in height and 18 inches in diameter. The 
potassium hydroxide is supported on a perforetod iron plate and 
is covered by a layer of glass wool which filters out any pot- 
assium hydroxide which might be carried by the air stream« 
Following the potassium hydroxide tower is a second tower con- 
sisting of a steel drum 3 feet high and 12 inches in diameter* 
Charged with anhydrous magnesium perchlorate. 

This combination and quantity of potassium hydroxide and 
magnesium perchlorate is sufficient for drying approximately 
20 ou. ft. of air per minute to an extent which is satisfactory 
even with such a hygroscopic material as Co-Ox M. 

(3)  Operation and Modifications of Original Design 
ny 13, 

The appara- 
Prior to tus was first placed in operation July 13, 1942. 

loading the apparatus with Co-Ox M, dry sir was sucked through 
the apparatus to sweep out moisture. The compound was than 
introduced by removing the oxygen filter and feeding in the 
solid as the conveyors rotated. After sufficient time for 
tho solid to have made a complete oircuit through tho appara- 
tus, no oxygen had been produced. On inspection it was found 
that the first third of the material which had passed through 
the apparatus had turned yellow indicating that the material 
had absorbed wot jr. This water was assumed to have oome from 
condensation on the inner wall of the oxygenation chrmber, 
this chamber having been coolod by refrigeration before sweep- 
ing the apparatus with dry air« This hydratcd material was 
removed and operation carried on with the remainder. Oxygen 
was produced, though only at the rate of about 5 ou. ft. por 
hour. Several leaks wero detected end the apparatus was shut 
down and emptied so that the entire mass of material could be 
reactivated and the necessary changes in the apparatus mr.do. 

In the second operation, 98 pounds of Co-Ox M was placed 
in the apparatus. Steam et rtmosphorio pressure was used for 
hooting and tho conveyor was driven by eleotrio power« Dry 
air wrs swept through the apparatus for 1.5 hours before the 
refrigerator was started end the compound introduced« The 
appcratus delivered 12 ou. ft. of oxygen per hour of purity of 
88 per cent after 30 minutes operation, 92 per cent after 45 
minutes, end 93.5 after 1.5 hours. The pressure drop over 
the potassium hydroxide drying tower amounted to about 0«5 in« 
of water (the nr.gncsium perchlorate drier had not boon added 
at this time) so that the oxygenation chamber operated under 
a very slight vaouum. A slight further pressure drop occurod 
over the oxygenation chamber itself, the pressure Just below 
the air filter being about 1 in. of water less than etmospherio 
prosruro« The prossuro at the disohergo end of the oxygenation 
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chamber (whoro the air entered) varied from 0.5 to 1 in. depend- 
ing on how much materiel the conveyor was discharging. The 
pressure in the deoxygenation ohambor wes maintained ct about 
1 in. above atmospheric by regulating the valve on the oxygen 
discharge line; this required no attention after once adjusted. 

The purity of the oxygen produced is governed by the diff- 
erence in the pressures in the two chambers. The results in- 
dicated that the oross auger device worked even better than 
planned.  It was calculated that if 100 cu. ft. per hr. of 
oxygen were being generated the purity of the oxygen would 
exceed 99 per cent, since the quantity of air carried into 
the deoxygenation chamber is constcnt and independent of the 
other factors whioh were atfooting the amount of oxygen pro- 
duced. 

The temperrturc of the material leaving the deoxygenation 
chamber was measured b; o thermometer inserted in the discharge 
pipe beneath the end of the conveyor. The temperature of tho 
material varied from 65-75° depending on where the thermometer 
was placed in the crocs seotion of tho pipe. The material 
thus appeared to be adequately hected for deoxygenation. 

The temperature of the material leaving the oxygenation 
chamber was similarly measured end found to be 35°.  The cool- 
ing thus appeared to be very inadequate.  The oooling arrange- 
ment was modified bj eliminating the cooling water ^nd by 
r.eans of a pump circulating the 50-50 wetor-aloohol brine 
through both parts of the jacket, that is over the copper re- 
frigerating coils, through thi lower part of the jacket and 
beck.  This lowered the outlet temperature to 30°C.  The rate 
of transfer of solid material was then dearersed by reducing 
the conveyor spoed from 10 tc 5,5 r.p.m. This lowered the 
outlot temperature to 24°. The temperature of the brine was 
#6° indicating a temperature differential between the discharged 
tictericl and the brine of about 30°.  This is about thrt of tho 
deoxygenation chamber. 

The .-mount of heat extracted by the refrigerrtor was cal- 
culated from the pressures on each side of the compressor and 
the characteristics of the compressor. The performance coeffic- 
ient of the refrigerator was calculated to be 3.7, indicating 
that it was groe.tly overloaded and not functioning as efficient- 
ly as possible.  *bout 6040 B.T.U. per hour were being extract- 
ed. The amount of hei..t which must be removed was calculated 
to be about 21,000 B.T.U. per hour.  It appeared, therefore, 
thr t the refrigerator alone was far from sufficient to effect 
the necessary cooling. Since the water cooling did not 'ppear 
to contribute much, it appeared beet to not use it at all and 
to use a larger mechanic 1 refrigeration unit. 

t 
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A 5 Hi P, refrigeration unit was obtained and the expansion 
of the refrigerant from this unit carried out in 400 ft. of 
0«5 in. copper tubing arranged in 4 parallel lines of 100 ft. 
each. Those coils were immersed in a 50-50 water-alcohol brine 
contained in a large insulated oil drum« The brine was circu- 
lated from the oil drum through the jacket of the oxygenation 
chamber by means of a centrifical pump« The 1 F.F« refrigera- 
tion unit operating the coils within the oxygenation chamber 
was also operated. With all of this refrigeration the tempera- 
ture of the brine was' lowered to a -15-« but the material leav- 
ing the oxygenation chamber was cooled only to 24*. The out- 
put of the machine increased to 15 cu. ft« per hour. Obvious- 
ly, even with a 351 temperature differential the heat was not 
being properly extracted from the material during oxygenation« 

Some speculations were made as to the importance of pre«* 
cooling the entering air. and Although the amount of hetot carr- 
ied by air is small it was thought worth trying. A finned, air 
cooled refrigeration condenser approximately 4 ft. by 2.5 ft. 
in cross section and 1 in. thick was obtained and the pipes in 
it connected to a 0.75 h.p. refrigeration unit. A ply wood 
box was built about this finned condenser in such a manner 
that the air passed back and forth through the condenser. The 
air leaving this cooling unit was oooled to a -15°. This ore- 
cooling increased the oxvnen output of the annaratus about 
5 cu. ft. per hour. 

The inability to transfer heat from the material during 
the oxygenation prompted a number of measurements on the rate 
of heat transfer of the material» As a result of these studies 
it appeared that there wag sufficient surface in the oxygenation 
chamber to effect all of the necessary heat transfer at the 
temperature differential obtained. *jince such transfer however 
was not actually being accomplished, it was assumed that the 
mixing was inadequate during the conveyance of the material 
through the ohamber. The screw conveyors of both the oxygena- 
tion and deoxygenation chamber were then modified and their 
speed of rotation increased from 5 to 60 r.p.m. The brushes 
which had been placed along the edges of the flights of the 
screw conveyor wore removed and hinged, beveled maple strins 
such as are found on the dashers of ice cream ^reeeers were 
placed between the flights in diametrically opposed positions. 
A sufficient number of back paddles wore «laced on the flights 
of the conveyors with the object of decreasing the effective- 
ness of the conveyors and thus maintain approximately the same 
flow of material through the chambers as tested with flour. 
Prongs were also added at various points to the conveyor to 
give a mixing and churning e^feot to the material. "Tith 
these modifications the heat transfer in the deoxvr-onation 
chamber was greatly improved, the material being raised from 
20° at the inlet end to 101° at the outlet end, a temperature 

. 
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within 4« of that of the steam in the jacket of the deoxygena- 
tion chamber. On the other hand not much improvement wee found 
in the oxygenation chamber, the material being cooled from 
101° at the inlet end to 20° at the outlet end. The produc- 
tion of oxygen was about 25 cu. ft. per hour and was extremely 
steady. The oxygen output had previously been rather erratic 
tending to vary considerably, probably due to an uneven dis- 
tribution of the material in the screw conveyors. The better 
mixing and more rapid rotation of the conveyors resulted in 
a more uniform flow of material. The failure to cool the 
material sufficiently in the 'oxygenation chamber was then 
attributed to a possible insulating effect of a wall film of the 
air which passes through the oxygenation chamber but is absent 
in the deoxygenation chamber» To test this effect, an atmos- 
phere of oxygen supplied from a cylinder was plaoed in the 
oxygenation chamber and a very slight flow of oxygen maintained 
through the chamber during the operation of the apparatus. 
This increased the output of oxygen to about 30 cu. ft. per 
hour. The temporature of the material leaving the oxygenation 
chamber rose to about 25°. it appeared therefore that oxygena- 
tion was talcing place to a greater extent and that the corres- 
pondingly great amount of heat repidly raised the temperature 
of the material; the insulating effect of the moving air film 
was negligible. 

The remaining oxplanjtdra for this surprising difference 
in heat transfer is that the material when hot acts more as a 
fluid and flows and churns more easily than the material which 
is cold and inclined to mat and form masses which are not easily 
deformed« The deoxygenatod material does flow like Portland 
cem-iit while the black oxygenated mat' rial does not behave in 
this manner but tends to pack and move more like wet sand. 

In these experiments no measure v:as aotually mr.de of the 
rate at which Co-Ox I.I was being transferred through the appara- 
tus. Such mo£.3urciaents were made on whoat flour and the rete 
of rotation of the screw conveyors and the number of back podels 
placed on them were determined by such experiments. This was 
done in the interest of conserving the much more expensive Co- 
Ox II and of avoiding the necessity of having to reactivate it 
following its exposure to air. The ?bovc heat transfer exper- 
iments, however, showod th:t Co-Ox i«l and flour ar^ not similcr 
materials end it was possible therefore that the Co-Ox II was 
not being transferred c.t the same rate as the flour. This 
suspicion was further supported by the fact that the metericl 
was not cooled on prssage through the oxygenation chamber, 
approximately 50 per cent of the heat which must bo removed 
during the oxysonation is derived from the heat of reactiva- 
tion of the material and this i& knov.-n to take place in a period 
cf about 8 minutes. It appeared that the material wai being 
moved faster th'.n was origin: lly intended. In order tc deter- 
mine the rate of movement of the material one of the cross 
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conveyors woi removed end r. tared contcinor placed such thfit 
it oolloctod the Co-Ox M conveyed through the chambers as 
the mcohino was operated« Approximately 10 pounds of material 
were moved through the apparatus per minute and since approx- 
imately 100 lbs. of material wore ocntained in the apparatus, 
the circulation through the rpparatus required only 10 minutes 
instead of the 15 minutes which hed been originally intended« 

The modification of the apparatus is being continued as 
the experimental results and reason dictate. 

Further details oonoerning this rpperr.tus will be found 
in Report XXXIV. 
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APPENDIX I. 

öüHMABT OF REPORTS ON OXYGEN PROBLEM 

Report No. Report to 
NDRC No. 

By Period Covered 
by Report 

Date of 
Report 

11-20-38 I 

12-20-38 

3-3-39 

Chao 1 Chao and Diehl 10-20-38 ? 
Cobalt, Iron and manganese derivatives of di- 
salicylalethylenediiüiine; disalicylalbonzidine | 
cobalt; test for oxygenation capacity; lumin- 
escence test. 

Chao £ Chao and Diehl 
Cobalt, iron, copper, and chromium-derivatives 
of disalicylalethylenediimine; cobalt, iron, 
and manganese derivatives of disalicylalphenyl- 
on-diinine; cobalt, iron and manganese deriva- 
tives of disalicylylbenzidine. 

Chao 3 Chao and Diehl 
Tin derivatives of disalicylalethylenediimine 
and disalioylalphonylenodilmine; lead disalicy- 
lalethylenediimine; effect of nitrogen on di- 
salioylalethylenodiiminc cobalt; salicylalamide. 
cobalt. 

Chuo 4-5 Chao and Diehl 
RodtlOtiOO of nitroalkanes; purification of sal- 
loyl&ldehyde] Schiffs base a of iclioylaldehyde 
and various '-.lkylfuin-js; cobalt derivativ,  of 
tii«'. latter; preparation of disalicylulethylcne- 
ttalno cobi-It of high oi.pc.oity, 

Chao 6-7 Chao und Diehl 4-28 
Continuation of work on derivatives of monanines 
with salioylaldehyde .»nd ammonia; methylamine, 
ethyloLiinc , n-pro;?ylaiainc, iso-propylaminc, n- 
butyl ..nine, n-amylar.in^, inilinc. 

I Bash und Diehl    10-1-40 2-17-41 
to 

2-15-41 
Constitution of Aisalioylalothylonodiiaine cobclt; 
^n..lysis and molecular weight of di&tlicyialetny- 
lanodiiaino oote.it; thw ^ff.ct of light on the 
material| the effect of pressure on oxygenation; 
apparatus for producing oxyg.n; preparation; di- 
(3-nitroe lioylal)othylunodiimine cob.lt; di-(5- 
altrosalioylal)atnylcnodilmiAS cobalt; cob..it 

-30 t 
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Report to 
NDRC No. 

By Period Covered 
by Report 

Date of 
Report 

II 

III 

IV 

derivatives of salioylt-ldehyde und diethylene- 
triunine, triethylenetetramine, tetrccthylene- 
pentamine, and hydroxycthylethylenedi^mine; 
mechanism of the oxygenation process. 

Haoh and Diehl     2-15-41 
to 

3-15-41 
Effect of light of various wave lengths on 
die;.lioylclethylenediiminc oobi.lt; temperc.ture 
of deoxygenation; study of synthesis end olive, 
rod, und black by-products; other methods of 
prep.i.tion; presenoc of water in the com- 
pound; the vcloncc of oobc.lt in the compound; 
the rate of oxygenation. 

Diehl, Hach and 
Harrison 

3-15-41 
to 

8-25-41 
The rate of oxygenation of disalicylalethy- 
enediinine cobalt at different temperatures 
and pressures;  construction of apparatus; 
continuous, circulating solid apparatus, batch 
operation without stirring (stationary bed) 
with and without recirculation of gases, batch 
process with stirring using paddle and using 
rotating drum; explosibility; density; fur- 
ther notes on preparation of large batches; 
the effect of moisture. 

Diehl, Each and 
Harrison 

3-19-41 

8-87-41 

8-25-41 
to 

11-10-41 
Preparation of disalicylalethylenediimine 
cobalt; the various Methods; effect of the 
purity of the salicyladehyde, effect of excess 
of any one of the reaotants, effect of the order 
and rate of addition of reagents, effect of tem- 
perature, effect of alcohol concentration, effeot 
of volume of solvent, effect of air, effect of 
time of standing; effect of cooling; effect of 
composition of wash liquid; effect of washing; 
effect of manner of drying; recommended pro- 
cedures. 

11-14-43 

Hach, Harrison 
and Diehl 

11-10-41 
to 

1-5-42 
Further studies on preparation of disalicylal- 
ethylenediimine cobalt; Harrison-Hach raethod; 

1-8-42 
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Report No. Report to 
CT*C,ffo. 

By Period Covered 
by.Report 

Date of 
Report 

71 

VII 

VIII 

dlreot mixing method; analysis of disalicylal- 
othylenediimine cobalt; high temperature drying; 
dirty brown compound; bright red inactive com- 
pound; stereocheiical considerations; effect of 
washing with alcohol and benzene; effect of car- 
bon monoxide, nitric oxide, nitrogen dioxide; 
the recovery of salicylaldohydc and cobalt. 

2      Hensolneier and 
Diohl 

Ethylonediamino, pyruvic acid 

12-15-41 
to 

1-2-42 
and cobalt. 

1-7-42 

3        Diehl 

i-Ionthly report. 

1-10-42 
to 

2-14-42 

2-14-42 

4      Harrison and 
Diehl 

1-5-42 
to 

2-23-42 

1-15-42 
Disalicylalpropylanediiraine cobt.lt. 

5 Hach and Diehl     1-42 2-23-42 
Effect of nitrogen dioxide, nitrous oxide, and 
sulfur dioxide on disalicylalothylenediimine, 
disalicylalethylenediiraine. cobalt, and the 
bright rod inactive isomer. 

6 Liggett and       12-15-41      2-23-42 
Diehl to 

1-20-42 
Preparation of disalicylalcthylonediimino co- 
balt by pyridine icthcd; cobalt an£ iron deriv- 
atives of dis'*licy.la]phonylenediimine; opera- 
tion of disalicylalethylenediimine- cobalt in 
solution in pyridine and in chloroform. 

7 Head and Diehl     12-15-41      2-23-42 
to 

1-23-42 
Triclentato cobalt compounds from o-hydroxy- 
benznlimino-o-phenol. 
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Report Ho. Report to 
NDRC No. 

8 

Monthly rep 

9 

• By Period Covered 
by Report 

Dato of 
Report 

XII 

XIII 

Diehl 

ort. 

Hensoltieior und 
Diehl 

2-14-42 
to 

3-14-42 

1*2-42 
to 

3-14-42 

3-0-42 

Xrv 

xv 

\zn 

XVII 

2*14-42 
Cobalt derivatives of pyruvic acid und ethylene- 
diiunine, propylenediuaine, and o-phenylenediuiaine. 

10 Hach and Diehl 2-18-42 
to 

3-24-42 
nitration of salicyluldehyde; separation of 3- 
and 5-nitro isotaers; di-(ü-nitrosalicylal)- 
ethylenediinine cobalt; di-(5-nitrosulicylal)- 
ethylenefliimine cobalt. 

11 Head and Diehl 4-C-42 
to 

4-9-42 
Nitration of salicylaldehyde:  variation in 
nitric acid  concentration, 

18 Liggett and Diehl      1-17-42 
to 

3-25-42 
3-,  4-,  5-, and C-iethylsalicylaldehydes, 
their condensation with ethyleneöionine and 
•cobalt;  di-(2-hydroxy-3-raethoxybenzal) ethyl- 
enediinine cobalt;  2-hydrcxy-l-naphthaldehyde 
and its condensation vith etliylenediariine and 
cobalt;  study of Keiaer-Tieiaxui re»tion. 

13 Ker.selmeier and 
Diehl 

2-14-42 
to 

3-3-42 
DisalicylalethylenediiiUine cobult by pyridine 
method; disalicylulprcpylenodiinino cobalt 
by pyridino ..lethod; a-hydroxyacetov)hc;ncno 
with ethylenedi.riinc and cobalt; resucoto- 
phenone; di- (*B-hydroxy-3-nt>thoxybenzal) - 
ethylenediimine cobalt. 

4-14-42 

4-14-42 

3-E7-43 

4-27-42 
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Hoport Ho» 

XVIII 

XIX 

re 

XXI 

XXII 

2CII 

XOV 

Report to 
NDRC Ho. 

14 

By 

Heed and Diehl 

Period Covered 
by Report 

2-20-42 
to 

3-4-42 
Resolution of propylenedicolne and 
äisalicylul-1-propylenediiaine cobalt. 

15 Head and Diehl 

Disulioylalothylcnediimine iron. 

1-31-42 
to 

2-1C-42 

16 Harrison and 
Diehl 

1-^42 
to 

2- -«i-'i? 
The nugnetic susceptibility of disalicylal- 
ethylenodiimine cobalt and related conpounds. 

17 Head, Hach und 
Diehl 

2-20-42 
to 

3-2-42 
Cobalt, salicylaldohyde and decaicthylerio- 
diajoine, nonamethylenedianine, hexariethylone- 
d ianine, trimcthylenediainine, iso-propylupine, 
and 2,3-butylenediauino; preparation of clisul- 
icylalathylenodiiiine cobalt; density of 
disalicylulethylenediiiine cobalt, cobaltini- 
trite method of purifying cobalt. 

18 Harrison and 
Diehl 

2-19-42 
to 

2-20-42 
Cobc.lt,  iron and lungünoso derivatives of 
ethylenodiatiine and 3-brOiaosalioylaldohyde. 

19 

Monthly report. 

Diehl 3-14-42 
to 

4-15-42 

2C Harrison and 
Diehl 

Date of 
Report 

3-16-42 

4-14-42 

5-6-42 

2-24-42 
to 

3-29-42 
Procuration of disulicylalethylonodiimini, 
cobalt under anhydrous conditions; the green 
and orange conpounds and thbir conversion with 
water to oxygon curriers. 

• 

4-27-4-3 

4-16-42 

7-20-42 

- 
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Report 
Mo. 

x::v 

xca 

XXVII 

XXVIII 

xxix 

XXX 

;:xxi 

Report to 
IIDRC. No. 

21 

By 

Head and Diehl 

Period Covered 
by Report 

3-82-42 
to 

3-26-42 
2-Hydroxy-3-nethoxy-5-nitrobenzaldehyde and 
its condensation with ethylenediamlno and 
cobalt. 

22 Diehl 

First progress report, 

23       Liggett and Diehl 

12-1-41 
to 

4-15-42 

3-26-42 
to 

5-13-42 
Di-(2-hydroxy-3-methoxyboAzal)ethylenediimine 
cobalt; preparation by various methods; vol- 
unetric detemination of oxygen capacity, rate 
of oxygenation. 

24 

Llonthly report. 

Diehl 4-15-42 
to 

5-13-42 

25 Head and Diehl 

Date of 
Report 

5-1-42 

4-22-42 

5-13-42 

5-13-42 

3-17-42 
to 

5-15-42 
liitration of salicylaldehyde; variation of 
excess nitric acid and of amount of acetic 
acid; recommended procedure. 

26 Hach, Heed end 
Diehl 

Rate of deterioration of disalicylalethyl- 
enedliraine cobalt and di-(2-hydroxy-3- 
nethoxybenzal)ethylenediinine cobalt vith 
rotating drum machine. 

Hach 
27 Liggett and Diehl 

Di-(2-hydroxy-3-nitrobenzal)ethylenediimine 
cobalt activation, rate cf oxygenation at 
various temperatures, pressures and tumidities, 
rate of hydration and oxygenation. 
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He port No. 

XXXII 

XXXIII 

XTXIV 

VXXV 

v.rx/i 

asm 

ReDort to 
FDRC No. 

28 

By Period covered 
by Report 

Henselmeler and 
Diehl 

4-1-42 
to 

5-15-42 
Di-(2-hydroxy-3-methoxybenzal)ethylenefliimine 
cobalt;  synthesis of 2-hydroxy-5-phenylbenzal- 
dehyde by the Duff reaction;  synthesis of 2- 
hydroxy-3-nltro-5-methylbenzaldehyde. 

Date of 
Report _ 

7-1^42 

29 Diehl 

Monthly report. 

30  . Hach and Diehl 

Circulating solid apparatus. 

31 

5-13-42 
to 

6-15-42 

5-20-42 
to 

7-23-42 

Schwandt and 
Diehl 

6-1-42 
to 

7-25-42 
Tetramethylethylenediamine with cobalt and 
salicylaldehyde, with 2-hydroxy-3-methoxy- 
benzaldehyder a*^ with 2-hydroxy-3-nltroben- 
zaldehyde• 

32 Harrison and 
Diehl 

Differential manometric capacity end rate 
apparatus;   summary of applications. 

6-17-42 

7-27-42 

8-5-42 

33 BrounB and Diehl 

Preparation of o_-ethoxyphenolt  ^reparation of 
2-hydroxy-3-ethoxybenzaldehyde by the Duff reac- 
tion; di-(2-hydroxy-3-ethoxybenzal)ethylene- 
diimine  cobalt;   oreparction, activation, rate of 
oxygenation,  hydration and  dehydration;  denethyl- 
ation of 2-hydroxy-3-*ßthoxybenzalciehyde; ethyla- 
tion of 2,3-dihydroxybenzaldehyde;   preparation 
of o-n-propoxyphenol;  preparation of 2-hyflroxy- 
3-n~propoxybenzalder yde;  di-(2-hydroxy-3-n-ororoxy- 
berTzaljethylenediimine cobalt:     preparation, rate 
of oxy^enation, hydration;  preparation cf o-lso- 
proroxyphenol;   nrecarat^on of 2-hyrt roxv-3-Tso- 
Dropoxybenzal^ehyde. 
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Report Ho. 

ravin 

XIDCIX 

zu 

XLII 

XLIII 

^LIV 

Report to 
1IDRC No. 

34 

By 

Liggett, Head, 
Dlehl, Calvin 
and Co-workers 

Period Covered 
by Report 

5-13-43 
to 

7-24-42 

Date of 
Report 

7-24-42 

Di- (2-hydroxy-3-nethoxybcuizal) ethy lenediimine 
cobalt: additional studies on methods of prepara- 
tion, large scale preparation, activation appara- 
tus, hygroscopicity and effect on capacity, 
analysis, nagnetic susceptibility (Calvin), rate 
of oxyeenation, rate of deterioration in use, 
equilibrium pressure (Calvin), 

35 Diehl 

Monthly report, 

36 Diehl 

6-15-42 
to 

7-23-42 

7-24-42 
to 

8-15-42 

7-23-42 

8-15-42 

Monthly report, 

37       Head and Diehl 4-24-42 
to 

5-20-42 
2-Eydroxy-3-bronobenzaldehyde with ethylene- 
dianlne and cobalt. 

38 Harrison and 
Diehl 

7-22-42 
to 

8—"1—42 
2,3-Dihydroxybenzaldehyde with ethylenediariine 
and cobalt. 

39 Mathews and 
Diehl 

i.cetylacetone, benzoylacetone,  f^ *^«nzoyl" 
Methane with ethylenediariine and cobalt. 

40 Mathews and 
Diehl 

«illyInline polynuclear compounds. 

5-1-42 
to 

6-1-42 

9-14-42 
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Report No. 

XLV 

XLVI 

XLVII 

XLVIII 

Report to 
ITDRC No. 

41 

By Period Covered 
by Report . 

Liggett and       7.11-42 
Diehl to 

8*24-42 
2-Hydroxy-3-nitro-5-aethylbenzaldehyde with 
ethylenediaiaine and cobalt jformyloaraphor with 
cobalt and ethyleiiedlamine and with o-phenyl- 
enediamine; nethylenedianine v.ith salioylal- 
denyde and cobalt« 

42 Diehl 

Second progress report« 

43 Head and Diehl 

4-15-42 
to 

9.1-42 

Date of 
Report 

9-15-42 

2,4-Dlhydroxybenzaldehyde, 2-hydroxy-4-nethoxy- 
benzaldehyde,2,5-dihydroxybonzaldehydo, 2- 
hydroxy-5-aethoxybenzaldehyde, and 2-hydroxy- 
5-ethoxybenzaldehyde: their condensation with 
ethylenedianino and the cobalt derivatives. 

44 Harrison and Diehl 

;CLIX 

3-«Alkoxy compounds. 

45 Diehl 

lionthly report» 

8-15-42 
to 

9-15-42 

9-15-42, 
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